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Annotations 


Child health services after reorganisation 


In April 1982, the health services will be reorganised 
again. Tne Area Health Authorities will be replaced 
by District Health Authorities and a new team of 
officers. 

There are two important aspects of this reorgani- 
sat or which the paediatrician should consider. 
There will be an opportunity to provide greater links 
between hospital and community paediatrics and to 
move towards an integrated service. But there may 
be csastrous implications for community child 
healta and for the clinical medical officers. 


Integrated child health services 


Man» hospital and community paediatricians believe 
that an integrated child health service is desirable. 
This was proposed in the Court report (1976) and 
supported in principle by the Department of Health 
ard Social Services (1977). The new authorities will 
plan the administrative structure of the units within 
the district during the next few months. A move 
towards this integration can be achieved by linking 
the coramunity child health services and the hospital 
peediatric units administratively, and eventually 
more Clinical integration could follow. There may be 
diffieulties in the inner city areas, ‘teaching areas’, 
amd n places where more than one hospital exists ina 
d:stmct. but such difficulties are not insurmountable. 


Present organisation of the child health services 


The Area Specialist in Community Medicine (Child 
Eeaith) is responsible for the organisation of the 
child health services. Many of these doctors had 
personal experience of clinical work in child health 
centres, special schools, and day nurseries. Therefore 
thes have the skills to supervise school and preschool 
hee th surveillance programmes and they are aware 
af the needs of the handicapped child. 


Futare organisation of the child health services 


Afver reorganisation the area team of doctors will 
ciszppear; they will be replaced by a district medical 
cffeer and one or more generic specialists of 
community medicine, who may work in more than 
one district. It is suggested that one of these doctors, 


with appropriate experience should be responsible 
for child health. In the near future this post is likely 
to be filled by the present Area Specialist in 
Community Medicine (Child Health), and there will 
be little change in the child health services and no 
cause for concern. On the retirement of the presgnt 
incumbents, they will be replaced by community 
physicians with little or no clinical paediatric or child 
health experience. These doctors will be epidemio- 
logists who have gained the Membership of the 
Faculty of Community Medicine (MFCM) by 
examination having trained as registrars and senior 
registrars in community medicine. All paediatricians 
should be concerned that these doctors may not be 
equipped to organise the clinical child health services. 
Unfortunately in some districts such appointments , 
will be made immediately. 


Clinical medical officers working in child health 


Accountability. The accountability of the clinical, 
medical officer will change with reorganisation. At 
present he is accountable for the organisation of his 
work to the area medical officer, who generally 
delegates this responsibility to the Area Specialist in 
Community Medicine (Child Health). This is 
comparable with the accountability of a consultant 
to the regional or area medical officer. In future the 
clinical medical officer will have similar account- 
ability to the district medical officer. 

Their clinical accountability will not change. Many 
paediatricians are not aware that, like the general 
practitioner, the clinical medical officers are clinically 
autonomous, being responsible for their own clinical 
judgements. 


Appointment and training. The Specialist in 
Community Medicine (Child Health) appoints and 
supervises the training programmes of the child 
health doctors. In the future this will also become the 
responsibility of the generic community physicians. 
It is surely inappropriate for an epidemiologist and 
health service ‘planner’ to appoint and train a 
clinician; in no other specialty does this happen. It is 
hoped that the community physician will seek the 
advice of the senior clinical medical officers when 
appointing the clinical medical officers, but this is not 
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assured. It is even more alarming that the senior 
clinical medical officers, who spend much of their 
time working with the handicapped and deprived 
child, could be similarly appointed, without 
consultation with paediatricians. 

Formal basic training programmes for the senior 
and clinical medical officers are urgently required and 
the draft proposals of the Forfar Committee are now 
under consideration. Until they are finalised and 
introduced the present Area Specialists in 
Community Medicine (Child Health) are aware of 
the training requirements and competent to arrange 
programmes. The generic physicians will not have 
the clinical experience to supervise this training and 
there may be a case for appointing experienced 
regional advisers on community paediatric training. 
These posts will still be valuable after formal training 
programmes are introduced. 


Solutions to the other long-term problems, which 
the reorganised administration must bring te child 
health, are not immediately obvious. There is no 
doubt that the introduction of a generic physician is a 
retrogressive step and every effort must be made by 
professionals caring for children to safeguard the 
Standards. In the future consultant paediatricians 
and senior clinical medical Officers will have the 
necessary clinical expertise but they will not have 
the authority to implement the improvements in the 
service or to appoint, deploy, and train the child 
health doctors. 

JUDITH WILSON 

Chaucer Assessment Unit, 
Northwick Park Hospital, 
Watford Road, 

Harrow HA! 3UJ, 
Middlesex 
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Human milk banking 


Although much remains to be learnt about the 
nutritonal requirements of very preterm babies, 
human milk still continues to be widely considered 
the best food for those who are able to be fed 
enterally. Ideally such a baby should be fed his own 
mother’s milk: indeed recent studies suggest that 
milk ‘rom mothers delivering prematurely contains 
more pretein and calories than milk from mothers 
delivering at term,'~* thereby perhaps being uniquely 
suited to the theoretical needs of preterm babies. 
Regrettably however, yet perhaps not surprisingly in 
view of the stressful environment in which mothers 
so often find themselves in the early weeks after 
delivery, comparatively few succeed in sustaining 
lactation for any appreciable length of time: if their 
babies are to be fed human milk this must be 
donated by other breast feeding mothers. It was for 
this purpose that milk banks were started in 
maternity hospitals, and for many years they have 
established themselves as an integral part of 
paediatric care, providing human milk not only for 
small babies on neonatal units but also for those on 
paediatric wards who are sick, recovering from 
surgery, or at major risk of atopic disease. Summed 
up simply the goal of human milk banking must be 
to provide babies with a food which, as far as 
possible, satisfies their growth needs (a clinical 
measure of nutritional adequacy) and offers an 
immunological ‘umbrella’ to protect against the 
aggression of micro-organisms. 
How far have these goals been achieved ? 


Acequacy of donor human milk for growth require- 
ments 


Despite an almost universal acceptance that human 
m Ik is the best food for preterm babies there is still 
ecntroversy about one important function of this 
milk—mamely its ability to sustain satisfactory 
growth for babies who are very immature at birth 
and who have to depend on a physiologically un- 
prepared gastrointestinal tract to digest and absorb 
nutrients. Since 1919 when Finkelstein in Germany 
first questioned the adequacy of human milk for 
growth of preterm babies, concern has been re- 
peated ly expressed that the rate of growth of such 
babies fed human milk is less than satisfactory.® 
Reasons for this slower growth have not been fully 
explained. A widely but by no means unanimously 
accepted hypothesis is that there is too little protein 
ir human milk:* requirements for other nutrients— 


for example calcium and sodium—may not be met 
and the lack of them could be contributory. Im- 
portant though this protein and mineral insufficiency 
must undoubtedly be, another nutrient of breast 
milk, and one which has been largely overlooked in 
earlier studies, must also be considered in any 
debate on nutritional adequacy and early growth. 
This is its energy content. 


Energy content of donor breast milk - . 


The possibility that donor milk might not satisfy 
energy needs, and therefore the requirements for 
growth, of very small preterm babies emerged from 
the Oxford studies in the mid 1970s.®° These revealed 
that the two principal methods of collecting milk, 
expression and drip, yielded milk differing con- 
siderably in fat content, drip milk averaging only 
about half the amount of fat of expressed milk. With 
the amount of fat in milk being the major determi- , 
nant of the energy content, milk banks depending 
mainly on drip milk will therefore be providing a 
food much lower in energy than that provided by 
banks which rely more on expressed milk. This effect 
is further accentuated by the fall in the fat concen- 
tration of drip milk which occurs with the increasing 
duration of lactation. The earlier studies which drew 
attention to the slower rate of growth of preterm 
babies fed human milk did not take into account its 
heterogeneity in regard to fat content. The variable, 
and often very low, energy content of donor breast 
milk must have a substantial influence on early 
growth. 

As yet there is no evidence that it is to the detri- 
ment of preterm babies, either in the short- or long- 
term, to fail to grow at the equivalent intrauterine 
rate. However, since this continues to be the refer- 
ence standard by which early growth is assessed and 
in order to provide the best possible nutrition at a 
time when the whole body, especially the brain, is 
growing so rapidly it would seem sensible to research 
methods into improving the energy and nutrient 
content of donor breast milk. The following two 
approaches might be considered. 


Modifying human milk. Baum and his colleagues in 
Oxford have proposed that human milk constituents 
— such as fat, protein, and electrolytes—might be 
added in calculated amounts to donor milk to give 
an enriched human milk formula.® This possibility 
is exciting although the manufacturing techniques 
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seem at present somewhat complex, involving centri- 
fugation, dialysis, and freeze drying, demands which 
may exceed the capabilities of most hospital milk 
banks. The Oxford investigations are none the less 
awaited with great interest Since if this method of 
modifying human milk can be shown to provide 
better nutrition for small babies, it could well pro- 
vide the impetus to develop the method on a wider 
scale. 


Changing the method of milk collection. This 
approach, and one which is applicable especially to 
milk banks which depend primarily on drip milk, is 
to change the method of milk collection in order to 
obtain a milk of higher fat content. One approach 
being explored in Leicester is to encourage mothers 
to collect both drip and expressed milk (collecting 
expressed milk alone would be unlikely to provide 
sufficient amounts of milk). When both expressed 
and drip milk are collected Over the day the average 
energy content of the combined milk is a great 
improvement. on drip milk alone (unpublished 
observations). 

It has been recommended that a method of quality 
control—such as the simple, cheap, but reliable 


* ‘creamatocrit’’7—should be instituted to ensure that 


babies are given milk which is adequate in energy. 
However, if this was implemented what cut-off point 
would prohibit the administration of milk? A 
creamatocrit of 4%, equivalent to an energy content 


of about 560 keal/l, has been Suggested.* But is it 


really acceptable to discard breast milk, especially 
if it is collected through the goodwill of the mothers 
and often at considerable inconvenience ? 


The immunological ‘umbrella’ 


Breast milk donated to hospital milk banks invari- 
ably contains large numbers of bacteria. These are 
predominantly skin microflora (Staphylococcus albus 
and Streptococcus viridans) and potential pathogens 
(group B haemolytic streptococci, enterobacteria, 
and Staphylococcus aureus) which probably enter 
the milk during its collection and later handling. 
Viruses may also be present—for example cytome- 
galovirus and hepatitis B particles. The amount of 
microbial contamination of donor milk depends on 
the techniques used for its collection. If careful atten- 
tion to personal hygiene has been given by the mother, 
the collecting utensils sterilised, and the milk stored 
in a refrigerator before being taken to the bank, there 
is less contamination. 

The presence of micro-organisms, and thereby 
the risks of infection, is the reason for the wide- 
spread practice of heating donor milk before feeding 
it to babies. It is unfortunate therefore. that heat 


treatment destroys substances in the milk which 
have powerful immunological properties, the extent 
of the damage being related to the temperature.? 
Chief among these substances are immunoglobulins 
(principally secretory IgA), iron-binding proteins 
(lactoferrin and transferrin), lactoperoxidase, 
vitamin-binding proteins, volatile fatty acids, 
lysozyme, and the large number of milk macro- 
phages and lymphocytes. Non-immunological sub- 
Stances in milk may be damaged by heat—for 
example milk lipase. 

The rendering of human milk relatively, or abso- 
lutely, immunologically impotent by high tempera- 
tures has led some paediatricians, using various 
bacteriological criteria for Safety (all empirically 
derived), to feed babies donor human milk which 
has not been heated, a practice considered by others 
to be somewhat cavalier in view of the possible risks 
of causing neonatal infection. Hence the inevitable 
question: do the benefits of feeding unheated (raw) 
milk in providing immunological protection out- 
weigh the potential hazards of exposing babies to 
risks of infection from milk which is likely to be 
contaminated with micro-organisms? The answer 
is not known but it might well depend as much on 
geographical factors as on the nature of the dilemma 
itself. In less fortunate parts of the developing world 
where risks of perinatal infections are high due to 
inadequate obstetric practices there must be a strong 
case for giving unheated donor milk. Indeed one 
study has already shown that this practice greatly 
reduces the incidence of neonatal infections." In 
more developed areas of the world however these 
advantages are likely to be less clearly defined so 
that risks of Causing infections in babies fed un- 
heated milk might be expected to outweigh 
theoretical advantages. It is this issue which is now 
causing so much debate. Further study is required, 
preferably in the form of controlled clinical trials. 
Until the consequences of giving raw milk are better 
understood, Holder pasteurisation (62-5°C for 30 
minutes) is the best method to achieve a Satisfactory 
reduction in the number of micro-organisms, thereby 
rendering the milk safe for feeding, and at the same 
time preserving many of the immunological 
properties. 


Conclusion 


Interest in human milk banking is increasing. 
Recently published is a report on human milk banks 
by a working Party set up by the Department of 
Health and Social Security Panel on Child 
Nutrition.2 A particularly important event last May 
Was an international meeting on milk banking in 
Hradec Kralove, C zechoslovakia, which provided a 
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valuable forum to discuss established concepts as 
well as introducing new themes. There is now little 
doubt that the functions of milk banks are far 
removed from their original responsibilities. Quality 
contre: of nutritional and microbiological aspects of 
human milk must now be added to already existing 
duties cf donor identification and collection, treat- 
ment, and distribution of milk. These demands are 
considerable and come at a time when increasing 
challenges to human milk are emerging from the 
introduction of new milks manufactured to meet the 
specia! nutritive requirements of small babies. It is 
perhaps worthwhile therefore to recall the writings 
30 years ago of Findley Ford: ‘When breast milk 
can be obtained from a milk bank it is expensive in 
money and when the bank is part of a hospital’s 
activity it is expensive in nurses time. It is, therefore, 
essentiz! to find out if breast milk is really so 
advantageous as to justify the financial outlay and 
the use of valuable nursing hours in collecting and 
processing it.”’% This concern is as apposite now as 
wher it was written. If the ideals of human milk 
banks are to be fully realised it is essential for 
paedia‘ricians to be convinced of the superior 
properties of donated breast milk. This will come 
only i the milk is known to satisfy, as far as possible, 
nutrional and growth needs of preterm babies as 
well as providing immunological benefits. 
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Klinefelter’s syndrome in adolescence 
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SUMMARY 


Twelve boys with Kline felter’s syndrome (47,X XY) identified by sex chromatin screening 


at birth were examined at between ages 16 and 18 years, together with 12 controls matched for 
social class and birth order from the same newborn population. Physical examination, psychometric 
assessment, personality, and degree of psychosexual development were assessed without knowledge 
of the karyotype. Anthropometry showed Increased leg length and decreased head circumference 
in the XXY boys. Gynaecomastia was present in 4 boys, and testicular volume was reduced in the 
majority but one boy had normal sized testes. On the Wechsler intelligence scale there was a signi- 
ficant reduction in verbal score but not in either performance or full-scale score compared with 
the controls. Although appreciable differences were found in growth, personality, intelligence test 
scores, and psychosexual development, these were of small degree. 


The use of chromosome analysis in antenatal 
. Screening programmes is increasing and as a con- 
sequence obstetricians are being presented with the 
dilemma of how to advise parents if a sex chromo- 
some abnormality is revealed incidentally.! Pro- 
spective studies of children with sex chromosome 
aneuploidy? identified in the newborn chromosome 
surveys which began in the late 1960s will provide 
answers to many of the prognostic questions about 
these children during the next decade. but there 
remains an urgent need for precise information now. 
In 1964 Maclean et al.3 gave the results of a sex 
chromatin survey carried Out between 1959 and 
1962 on 10000 female and 10 725 male liveborn 
infants in which 20 boys with only an additional X 
chromosome were identified (twelve 47,XXY, three 
presumptive 47,XXY, and five ‘mosaic 47,XXY’). 
As these boys represented a group with no assess- 
ment bias we felt it would be useful to review their 
Progress in order to find out how their health and 
development compared with the health and develop- 
ment of chromosomally normal boys from the same 
population, and if any additional health needs had 
been met by the standard provision of health care. 
Most individuals with Klinefelter’s syndrome are 
diagnosed in adult life at endocrine,‘ infertility,9 10 
or psychiatric! clinics, but we wished to take 
advantage of the neonatal diagnosis to find out if 
there were special problems in adolescence. 


Study methods 


Cases and controls. Contact had been maintained 


with the general practitioners (GPs) of the patients 
Originally identified in the sex chromatin survey by 
way of a questionnaire sent to them each year. The 
names and addresses of 2 possible controls for each 
case were identified from the General Register of 
Births, taking the next 2 boys born after the index 
case, matching for social class of the father (Registrar 
General’s categories) and for birth order in group- 
ings 1-2, 3-4, and 5 or more. 

After obtaining the approval of the Hospital 
Ethical Committee for the project, the consent of 
the GP was obtained; the GP was able to say how 
much the parents knew about the boy’s chromosome 
abnormality, and this was borne in mind. A letter 
was then sent to the parents explaining the purpose 
of the study and offering them the Opportunity for 
further discussion before they committed them- 
selves to participate. All but one of the surviving 
chromosomally abnormal boys agreed to take Part: 
the remaining boy had emigrated to Canada at age 
2 years and could not be traced. The mean age in 
years at interview was 16-6 (SD 0-9) for the XXY 
boys, and 16-5 (SD 0-8) for the controls. 


Methods 


The team consisted of a paediatrician, a psychiatrist 
with special experience in sexual disorders, and a 
psychologist; only the paediatrician knew the boys’ 
chromosome constitution, norma! or otherwise. 
Information about the birth and developmental 
history was obtained from each mother, together 


with details of all illnesses and hospital admissions. 
A general examination of the boy was performed; 
this included classification of sexual development 
using Tanner’s stages'* and using Prader’s orchido- 
meter? for testicular volume. Anthropometric 
examination comprised weight, stature, sitting 
height, triceps and subscapular skinfold thickness, 
bi-iliac and biacromial diameters; circumference of 
head. upper arm, thigh, and calf; length of upper 
arm, lower arm, hand, calf, and foot; subischial leg 
ength was obtained by subtracting sitting height 
from stature. 

The psychometric part of the study was carried 
out on two separate occasions. At the first visit 
Wechsler’s intelligence scale for children or 
Wechsler’s adult intelligence scale was used followed 
by Bem’s sex role inventory.!2. On the second 
occasion the high school personality questionnaire’? 
forms C and D were given. 

The third part of the study undertook to investi- 
gate the psychosexual development of the two 
groups of boys by means of a semistructured inter- 
view, with mother and son separately. 

Lestly, one sample of blood was obtained for 
chromosome analysis and hormone assay using 
radioimmunoassay. The results of all tests on the 
XXY boys and the controls were analysed as 
matched pairs. 


Results 


Chromosome analysis. The eleven 47,XXY boys 
living in the UK were successfully traced and had 
their karyotypes confirmed. Of the 3 ‘presumptive 
XXY’ boys one was confirmed to have a non- 
mosaic 47,XXY chromosome constitution; one 
infant had died on the first day of life with respiratory 
distress syndrome; the third boy’s chromosome 
analysis showed a 46,XY karyotype in all cells, and 
a Barr-negative buccal smear. 

Four of the 5 boys identified as ‘mosaic 47,X XY’ 
at birth were traced. The fifth boy had died in a 
drowning accident aged 5 years. Shortly before he 
had had a school medical examination at which no 
abnormality had been found and he had scored 118 
on a Goodenough intelligence test. Of the 4 ‘mosaic 
XXY’ boys, 3 were found to have a normal male 
karyotype on lymphocyte culture, at least 50 cells 
being analysed in each case. In the remaining boy a 
minor degree of mosaicism persisted. All the 12 
control boys had normal male karyotypes. 

The follow-up study therefore consisted essentially 
of 12 non-mosaic 47,XXY boys with 12 control boys 
matched for social class and birth order as described 
previously. 
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Demographic characteristics. à 


Parental age 

This was calculated frgm the date of birth of each 
child and of his parents. The mean maternal age for 
the 12 XXY boys was 27-6 years, and for the 12 
controls 27-8 years (t = 0-03), while the mean 
paternal age for the XXY boys was 30-6 years, and 
for the controls 30-2 years (t = 0-33). There was 
therefore no evidence of any parental age effect. 


Early life events 

The histories of the two groups of boys were com- 
pared during pregnancy, birth, and throughout early 
childhood and were similar for the incidence of 
abnormal pregnancy and delivery, neonatal resusci- 
tation, illness, convulsions, and trauma; the only 
difference was in speech development. This was 
delayed in 4 XXY boys who had been referred for 
speech therapy, while only one control was recorded 
as having a delayed onset of speech at 3 years, 
thereafter he made rapid improvement in his 
language acquisition. 


Education experience 

No differences were noted between the two groups 
at nursery or in primary school, but in secondary 
school these became apparent. Among the XXY 
boys 8 were described as having problems, 4 with 
learning and 4 with behaviour—such as inattentive- e 
ness, shyness, easy crying, and excessive fighting. 
By comparison, only 2 control boys had learning or 
behavioural problems. As regards examination 
results, 3 XXY boys had passed school leaving tests 
at O (Ordinary) grade and 5 had not, compared 
with 6 control boys who had obtained O grade 
results, while 3 had not. Four XXY boys remained 
at school with 3 control boys. 


Clinical findings 


Congenital defects. One XXY boy had a foot de- 
formity, and one had a malformed lower jaw. One 
control boy had multiple pigmented naevi over the 
trunk. 


Sexual development. The most obvious difference 
between the two groups was in testicular size, the 
XXY boys characteristically having testes of 3 to 
5 ml volume and of soft consistency, whereas most 
of the control boys had testicular volumes of 12 to 
15 ml (Table 1). There were however, some excep- 
tions. One XXY boy had testes of 10 and 12 ml 
volume which were of normal consistency, and he 
was therefore indistinguishable from the controls in 
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this respect. Nevertheless he had an increase in 
gonadotrophins indicating some testicular dysfunc- 
tion. Another XXY boy had been followed up 
regularly at an endocrine clinic because of abnormal 
chromosomes, and was recorded as having gradual 
enlargement of his testes up to 10 and 20 ml volume 
on the Prader orchidometer at age 15 years, con- 
firmed by two observers. However, when examined 
as part of this study at age 164 years, testicular 
volumes of only 6 and 8 ml were recorded. His 
gonadotrophin values had been increased since he 
was aged 14 years. One XXY boy had an un- 
descended testis which, when surgically placed in the 
scrotum, had a volume of 5 ml. 

Penile and pubic hair development were less well 
advanced in the XXY boys than in the controls, but 
the difference did not reach Statistical significance 
(Table 2). 

Gynaecomastia was Pronounced (Tanner’s stage 
3) in one XXY boy although concealed by clothing, 
and surgical removal was arranged shortly after our 
assessment. A moderate degree of gynaecomastia 
was present in 2 further boys and a minor degree in 
one. None was observed in any of the controls. 

Facial and axillary hair were only slightly de- 
veloped in both groups, without great differences 
between the two. 


Anthropometric results. The mean values for each 
of the 17 parameters measured in the two groups of 
* boys are given in Table 3. Paired analysis showed a 
Significant increase in the values for subischial leg 
length (P<0-02) and calf length (P<0-05), and 
a significant reduction in the head circumference 
(P<0-02) for the XXY boys compared with the 
controls. 

There was considerably more variability in the 
XXY boys than in the controls in all measures 
except skinfolds, this might have been related to the 
fact that the XXY boys were at a less advanced 
Stage of puberty. The analysis was therefore repeated 
using pubertal grading (genital development) as a 
covariate, but excluding head circumference which 
is not affected in the pubertal growth spurt. With 


Table 1 Testicular size in XXY boys compared with 
controls, aged 16—]8 years (number of boys in each 
category) 


Group Mean volume of both testes (ml) P 
1-5 6-10 11-15 
XXy* 8 l 0-004 


5 
Controls 0 2 10 
* One XXY boy refused examination, 


Exact form of McNemar’s test used for analysis with combination of 
Categories to obtain 2 x 2 tables. 


Table 2. Sexual development in XXY boys compared 
with controls, aged 16-18 years (number of boys ai each 
Stage ) 


Group Tanner stage P 
ee 
2 S 4 5 Not 
known 


aaa a a 
Genital development 


XXY l 3 5 2 l NS 
Controls 0 0 3 8 l 

Pubic hair 
XXY | 4 5 l l NS 


Controls 0 l 5 3 l 
aaa 


Table 3 Anthropometric results in XXY and control 
boys 








Measure XXY (n= 12) Control (n = 12) 
Mean SD Mean SD 
Weight (kg) 59-0 14.] 62.2 8.9 
Stature (cm) 178-4 13-5 173-6 5.5 
Sitting height (cm) 90-7 8-2 91-3 atal 
Subischial leg length** (cm) 87-6 5-8 82-3 2-8 
Biacromial diameter (cm) 37-7 3-5 37:3 2-5 
Bi-iliac diameter (cm) 26-8 2-4 27-2 1-4 
Head circumference** (cm) 55-2 2-2 56-8 1-1 
Triceps skinfold 9.1 3-4 9-0 5.3 
Subscapular skinfold 7-5 2-5 9-0 5-3 
Upper arm length (cm) 33-3 2-9 32-8 1-3 
Forearm length (cm) 25-4 2-3 24-6 0-8 
Hand length (cm) 19-0 1-5 19.3 1-1 
Calflength* (cm) 42-6 3-4 39-8 1-4 
Foot length (cm) 26-1 1-8 25-5 1-3 
Upper arm circumference (cm) 23-0 3-2 23-9 2-8 
Thigh circumference (cm) 48 -6 6-3 51-2 5.0 
Calf circumference (cm) 32-3 3-8 34.3 2-6 
Mean age (years) 16-6 0-9 16-5 0-8 
eee seseceneeeee 


**P< 0-02, *P < 0-05. 


this refinement, further significant differences were 
obtained in stature (P<0-001), sitting height 
(P<0-01), upper arm, forearm, and foot length 
(P<0-01), all these measurements being larger in the 
XXY boys. In addition, the significance of the sub- 
ischial leg length and calf length result in the XXY 
boys was increased (P<0-001). Biacromia] and 
bi-iliac diameters conformed to normal male stan- 
dards in the XXY boys, although 2 of them were 
at the 97th centile for the bi-iliac diameter. 


Intelligence tests. At the appropriate ages, Wechsler’s 
intelligence scale for children and Wechsler’s adult 
intelligence scale were used. Differences between the 
results from the two tests within the control group, 
and within the case group were not Statistically 
significant, so the results of both tests were analysed 
together as matched Pairs. 

Table 4 gives the mean values for the two groups, 
While the Figure shows the individual verbal and 
performance scores in pairs (for clarity, the pairs 
have been rank ordered for verbal IQ in the XXY). 


Y 


Table = Intelligence test scores in XXY and control 
boys 


Verbal IQ Performance Full-scale 1Q 
IQ 
Mean SD Mean SD Mean SD 
XXY @ = 12) 96-5 11-4 97-0 9.1 96-3 10-3 
Conireln = 12) 106-9 14-2 101-7 10-7 104-7 12-3 
Two-tai-ed ż test P < 0-02 NS NS 
Verbal IQ Performance IQ 
130 | Control 


Á @ XXY 


T20 


110 


WAB 
or 
WIS 

100 


90 


80 





24 6 81012 2468012 
Pair numbers 
Wats — Wechsler’s adult intelligence scale. 
WIST = Wechsler’s intelligence scale for children. 


Figure Verbal and performance intelligence scores in 
XXT boys and controls. 


Paired analysis with the 2-tailed ¢ test showed a 
sign ficant lowering of verbal score (P<0-02), but 
only a suggestion that the full-scale score might be 
reduced (P<0-1) in the XXY boys. There was no 
significant difference in performance scores between 
the XXY boys and the controls. 

Although the XXY boys scored lower than the 
corcrols in each subscale, the difference was 
significant only for comprehension. 

No boy scored in the subnormal range. 
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Personality tests and psychosocial development. The 
detailed results of these tests will be published else- 
where.2” but the main findings are summarised here. 

On the high school personality questionnaire the 
most significant difference (P<0-001) was in the 
‘mental capacity and ability to abstract’ subscale, 
where the XXY boys performed less well. In addi- 
tion, the XXY boys rated themselves as ‘more 
tender minded, apprehensive, and insecure’ than 
the controls (P<0-02), but not as more aggressive. 
They reported appreciably more problems with peer 
group relationships and less sexual interest in girls 
with only one XXY boy meeting a girl regularly 
compared with 5 controls. As regards masturbatory 
activity the age of onset was almost a year Jater,in 
the XXY boys compared with the controls (14-3 
compared with 13-4 years) but the number mastur- 
bating in each group and the frequency of masturba- 
tion were not significantly different between the 
two groups. 

On the Bem sex role inventory small differences 
were again apparent. In this test each subject rates 
himself on a scale for a number of personality 
characteristics of which one-third are popularly 
linked with masculinity, one-third with femininity, 
and the remaining one-third are neutral but socially 
desirable. The masculinity score of the XXY boys 
was significantly lower than that of the control boys, 
while the feminity and neutral scores were reduced 
to an extent which did not quite reach significance., 
As the attributes are generally socially desirable a 
universal lowering could have reflected a reduced 
self-esteem. 

An analysis of the extent to which the boys’ 
interests and activities were typically masculine or 
feminine did not show any differences between the 
groups either during childhood or adolescence. 

No boy in either group described himself as having 
homosexual interests. 


Hormone analysis. A single blood sample was taken 
between 1000 and 1200 hours. The mean values for 
testosterone. luteinising hormone (LH), and follicle- 
stimulating hormone (FSH) are shown in Table 5. 
The mean testosterone level was significantly lower 
in the XXY boys (P<0-01). 

Corresponding increase in gonadotrophins was 
present, the differences being significant (LH 
P—0:01 and FSH P<0-002). The XXY boys 
who were at the earlier stages of puberty had LH 
levels within the normal range, but the FSH levels 
were all above normal. 


Spermatozoa in urine. On the day of the clinic visit 
the first specimen of urine passed that morning was 
examined for the presence of spermatozoa. These 
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Table 5 Hormone leyels in XXY and control boys 














Testosterone Luteinising Follicle- 
(nmol/1) hormone Stimulating 
(IUJD hormone 
. (I UID 
Mean SD Mean SD Mean SD 
XXY (n = 11)* 14:06 5-17 19.64 13-10 37-56 22.40 
Controls (n = 12) 21.60 7-74 5:28 2-56 4.57 4.11 
Two-tailed ¢ test P < 0-01 P < 0-01 P < 0-002 


*One boy excluded because of insertion of a testosterone implant 3 
months previously., 

Conversion: SI to traditional units— testosterone: | nmol/l œ 0-288 
ug/l. 


were identified in samples from 3 control boys but 
from none of the XXY boys. 


Discussion 


In children and adolescents Klinefelter’s syndrome 
is rarely diagnosed, the reports of it being mainly 
of patients identified by chromosome or sex 
chromatin screening at child psychiatric clinics.16 17 

Annell and Gustavson!é identified 8 XXY boys 
and 2 mosaic XXY boys out of 620 children attend- 
ing the department of child and youth psychiatry in 
Uppsala, an incidence of 1-3 %, about 10 times that 
found in the newborn.2 The children were seen 
þetween ages 3 and 12 years and presented with 
problems related to difficult peer relationships, slow 
learning at school, and aggressive behaviour. All 
had testes that were smaller than normal, and verbal 
IQ scores which were lower than their performance 
scores. The authors reported that relief of the 
children’s problems was achieved by parental 
counselling, school adjustments, and remedial 
teaching, and the use of oral methyl testosterone for 
brief periods in 2 boys had resulted in behavioural 
improvement. 

Funderburk and Ferjo’’ described 11 XXY boys 
who were identified in a cytogenetic survey of con- 
secutive child Psychiatric patients reported by 
Crandall et al.18 Presenting complaints were of 
school underachievement in 9 boys, withdrawal and 
apathy in 8, impulsive aggressive behaviour in 
6, and faecal retention and soiling in 5. There was a 
high incidence of speech and language problems 
but this was not reflected in their mean verbal and 
performance IQ scores of 93-6 and 93.0 respec- 
tively. Gynaecomastia and skeletal abnormalities 
were present in 3 of the 4 patients over age 17 years. 

Of the 11 cases of Klinefelter’s syndrome, aged 
between 8 and 12 years, which Nielsen et aļ19 
described from a child psychiatric clinic, only 2 had 
been diagnosed as having this condition in child- 


hood. These 11 boys had a mean IQ scøre of 
95-1 + 8-4 and had had behavioural disturbances 
for several years. They were described as being 
immature, having difficulties in personal relation- 
ships and with learning at school, while 7 had been 
taking part in petty larceny. Nine of the 11 cases 
were diagnosed as having Klinefelter’s syndrome 
when presenting with other symptoms in early adult 
life. 

Caldwell and Smith? reported 3 XXY boys, 2 of 
whom presented with learning difficulties and 
fatigue, while the third complained of his smal] 
genitalia. These authors advocated the use of 
testosterone supplementation in all XXY boys 
starting at age 11 to 12 years with the aim of prevent- 
ing gynaecomastia and improving secondary sexual 
development, and the related sexual problems. They 
also stated ‘because of sampling bias the incidence 
of significant mental subnormality among boys with 
the XXY syndrome is uncertain’. 

The effect of Sampling bias is stressed when these 
reports are compared with the current study. None 
of the 12 boys described here had been referred to a 
psychiatric clinic, although one control] boy had 
been referred by the children’s panel for psychiatric 
help. Although the mothers and boys described 
difficulties in school and in peer relationships, these 
were not of such severity that help had been sought 
Outside the family. 

Our growth studies showed the increased leg 
length found in adult XXY patients, and confirmed 
the findings of the smaller head circumference of 
XXY boys from the follow-up of our newborn 
chromosome survey.2! We were unable to define 
accurately the time of onset of puberty in these 
boys as we did not see them Over a prolonged period 
of time, but at the time of assessment it was clear 
that progression of pubertal changes had been 
slower in the XXY boys than in the controls. In the 
Zurich study? puberty was reported to start slightly 
later in the XXY boys but the difference was not 
significant at the 5% level. The normal size of the 
testes in 2 boys shows our lack of knowledge of the 
development of the testicular lesion in Klinefelter’s 
syndrome and should introduce a note of caution 
about making prognostic statements on later fertility. 

In their endocrinological study of the XXY young 
men identified by population screening of tall army 
recruits”? Schiavi er al.24 did not give the precise 
number with gynaecomastia but implied that fewer 
than half of the 14 XXY men they studied were 
affected. The incidence of gynaecomastia found in 
the current study is likely to be an underestimate and 
will increase during the next 10 years of the boys’ 
lives. None of these boys had sought treatment for 
the gynaecomastia despite the social embarrassment 


it hed caused them. Furthermore, the one un- 
descended testicle had escaped detection at the 
rout.ae school medical examination performed on 
13-year-old pupils. 

As regards intelligence, reports in adults have 
strese¢d the lower IQ in patients with Klinefelter’s 
syndsome. Ferguson Smith” estimated that sub- 
normal intelligence was present in half of them, 
whereas Becker’ stated that one-quarter of his 104 
patients held posts of considerable responsibility— 
such as physicians, ministers, accountants, en- 
gine=s, and architects. Clearly the source of the 
clinial population has an effect on the distribution 
of itelligence found, and the true incidence of 
submormality can only be found by excluding 
se-ection bias. 

Witkin et al. studied 16 XXY men identified by 
chromosome screening of tall (>184 cm) army 
recruits and showed a significant reduction in the 
scores obtained by XXY men using a Danish group 
test. the Borge Priens Prøver. This test covers only 
a irated number of cognitive dimensions and cannot 
easily be compared with the more widely used tests 
such as Wechsler’s intelligence scale. Bearing these 
limitations in mind the 16 XXY men obtained 
scores of 28-4 (SD 14-1), compared with a score of 
42-7 (SD 11-4) in the tall XY men. It is of interest 
tc compare these intelligence test results with the 
prelmminary findings of the newborn longitudinal 
studses already mentioned. 

Stewart et al. identified 43 XXY boys in a study 
of sex chromatin abnormalities using amnion cells, 
and 29 of these children are taking part in a longi- 
tudiaal study. Siblings were used as controls and 
were considerably older than the cases. Assessment 
usis McCarthy’s scales of children’s abilities at 
age 7-15 years in the cases and at age 12-15 years 
(SD 7-32) in the controls showed no significant 
d ffeence in the general cognitive index (92-25 
(SD 14-38) for XXY, compared with 98-5 (SD 
13-G8) for the controls); however there was signi- 
ficat reduction in the memory score (P < 0-02) 
aad the motor score (P < 0-05) in the XXY boys. 
The authors admit that age matching fell short of 
ices, and it is clear that with follow-up results 
for only 67% the results may not represent the true 
range of IQ scores for the whole group. 

Cur current longitudinal study of children with 
c1nemosome aneuploidy started in 1967 and identi- 
fied 23 XXY infants of whom one died shortly after 
bira at 28 weeks’ gestation. Nineteen of these 
caildren are the subjects of the longitudinal study 
an@up to the present time results are available on 12 
usimg the Stanford Binet test (Terman-Merrill 
norms) at age 4 years. The XXY boys obtained a 
mean score of 100-7 (SD 15-97) compared with 
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116-97 (SD 15-05) from 88 social class matched 
controls from the same population. The high IQ 
from the control population should not be un- 
expected if the social class structure is examined 
(that is 40% in social classes I and II). 


Eight of these children have reached age 7 years 
and on Wechsler’s intelligence scale for children 
have a mean full-scale score of 102-3, verbal 100-4, 
performance 103-4 (full-scale range 70-131). These 
results are in good general agreement with those 
from the adolescent group, and indicate that if 
assessment bias is removed the reduction in intelli- 
gence is slight. The findings in the adolescent boys 
confirm those of other authors’ 81° in showing a 
poorer verbal than performance ability and*demtn- 
strate the persistence of the language deficit that 
can be detected as early as age 2 years.”® It should be 
stressed that performance IQ was not reduced and 
that no boy was found to be in the subnormal range. 


On the basis of those studies, which can be 
regarded as unbiased, we can conclude that the 
reduction of intelligence test scores is of minor 
degree, although statistically significant, and there- 
fore there would appear to be little justification for 
abortion of an XXY fetus on the grounds of the risk 
of mental subnormality. In the XXY boy one may 
expect a higher than average incidence of problems 
with speech development, with learning at school, 
and of social adjustment in adolescence. In view of 
the fact that a number of the problems described 
here are amenable to treatment it would be of benefit 
for all XXY boys to be under regular medical super- 
vision during puberty and should the therapeutic 
regimen recommended by Caldwell and Smith”? 
gain general acceptance it would be necessary to 
identify such boys during mid-childhood. At present 
this could only economically be achieved by popu- 
lation screening for sex chromatin abnormalities 
rather than by routine chromosome analysis. 


We thank Miss K Buckton and her colleagues, 
MRC Clinical and Population Cytogenetics Unit, 
for carrying out the chromosome analysis, Mrs 
Frackiewicz of the Registry of Abnormal Karyo- 
types, for providing information, Mr Richardson of 
the MRC Reproductive Biology Unit, for examining 
the urine for spermatozoa, Dr Willison, Lothian 
Health Board, for co-operation with the study, 
Dr M Preece, Growth and Development Unit, 
Institute of Child Health, London, for advice 
on handling the anthropometric data, and Mrs 
Nan Webb for expert and patient secretarial 
assistance. 
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Growth and pubertal development in five boys with 


Noonan’s syndrome 


G THEINTZ AND M O SAVAGE 


The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY Five boys, each with at least 4 features characteristic of Noonan’s syndrome, were 
stucied throughout childhood. In each the height was on or below the 3rd centile. Height velccity 


was essentially normal during the prepubertal pe 
werz delayed. Four boys had cryptorchidism an 
puberty occurred, necessitating testosterone rep 


riod whereas bone age and pubertal development 
d in 2 no testicular enlargement or spontaneous 
lacement. Plasma concentrations of luteinising 


hor none and follicle-stimulating hormone before and after stimulation with luteinising hormone- 
releasing hormone were increased in4 of the boys. These findings are consistent with primary gonadal 


failure associated with impaired spermatogenesis. 


Noonan’s syndrome comprises many somatic 
characteristics common to Turner’s syndrome but 
is distinguished from it by the presence of normal 
sex chromosomes. Short stature is a common feature, 
although the nature of the growth failure is unknown. 
The presence of small external genitalia with un- 
deseended testes has often been reported in boys 
with Noonan’s syndrome.' * The pattern of pubertal 
development however appears to vary between 
nonnal virilisation with subsequent fertility, delayed 
but normal puberty,’ and inadequate secondary 
sex 1a] development in some patients! which may 
be associated with deficient spermatogenesis.” ê The 
patterns of growth and the clinical and hormonal 
features of puberty in 5 boys with Noonan’s syn- 
drcme are described in this paper. i 


Patients 


The 5 boys were followed throughout childhood and 
were aged between 11-8 and 16-5 years at the time 
of endocrine investigations. The clinical features are 
shcwn in Table 1. Each boy had at least 4 clinical 
features of Noonan’s syndrome,” consisting of the 
cheracteristic facies, short stature, shield-shaped 
chest, webbed neck, pectus excavatum, crypt- 
orchidism, and congenital heart disease. Three of 
the bøys had isolated pulmonary stenosis, one had 
pulmonary stenosis with atrial septal defect, and 
one had Fallot’s tetralogy. In addition, some of 
them had hypertelorism, high-arched palate, low 
haw-line, pigmented naevi, bleeding tendency, and 


learning difficulties. All these have been described in 
association with Noonan’s syndrome. 

Three boys (Cases 1, 3, and 5) had bilateral 
cryptorchidism and one (Case 4) had unilateral 
cryptorchidism. In two (Cases 3 and 5) no testes 
were clinically palpable. Orchidopexy was performed 
before puberty in all the cryptorchid boys but in 
none could the undescended testes be brought into 
the scrotum. 


Methods 


Cases 1, 2, 3, and 5 were followed up by Dr D B 
Grant at The Hospital for Sick Children and Case 4 


Table 1 Clinical features 


Case 








Ne 
we 
A 
wa 


i 








Characteristic facies + L} + + 
Short stature L- + + + 
Shield-shaped chest -+ + 
Webbed neck + + + 
Pectus excavatum {- 1 
Cryptorchidism } -> a 
Congenital heart 

disease PS PS PS 
Low hair-line + + 
Pigmented naevi -+ 
Bleeding tendency i 
Learning difficulties j -+ + 
ASD = atrial defect, TF = 


PS = pulmonary stenosis, septal 


tetralogy of Fallot. 
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was followed up by Dr L Scott at the District 
General Hospital, Eastbourne. Pubertal status was 
assessed according to the ratings of Tanner.8 Bone 
age was measured using the standards of Greulich 
and Pyle.® In three (Cases 3, 4, and 5) a human 
chorionic gonadotrophin (hCG) stimulation test 


Height 
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Age, years 


was performed using hCG 1000 units intramuscu- 
larly daily for 3 days! with plasma samples taken for 
testosterone measurement on days 0 and 4—that is 
24 hours after the 3rd injection. In three (Cases 1, 
3, and 5) a luteinising hormone-releasing hormone 
(LH-RH) stimulation test was performed using 





n 12°13 14 «15 16 «17 BB 


Figure Height curves in three boys with Noonan’s syndrome (Cases 1, 2, and 3). Heights for chronological 
age are shown by closed symbols and corresponding bone ages by open symbols. 
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0-1 mg LH-RH (Ayerst) administered intravenously 
as a bolus.!! Venous samples were taken for measure- 
mert ef LH and follicle-stimulating hormone 
(FSH) at 0, 20, and 60 minutes after injection of 
LH-RH_. Plasma testosterone was determined by 
rad: oimmunoassay.!® LH and FSH were measured 
by double antibody radioimmunoassay. The stan- 
dard for LH was Ist IRP 68/40, that for FSH Ist 
IRP 697104. 


Results 


Growth. The height curves of Cases 1, 2, and 3 are 
shown in the Figure. In every boy the height was on 
or below the 3rd centile throughout the period of 
observation. In most boys the height curve ran 


parallel to the 3rd centile curve until the time of 


norma! puberty indicating essentially normal pre- 
pubertal height velocities. An exception was Case I, 
in whom the height velocity appears to have been 
consistently subnormal. In Case 3 height velocity 
diminished after age 9 years probably related to 
increasing symptoms from pulmonary stenosis, for 
which pulmonary valvotomy was eventually per- 
formed. At the time of normal puberty short stature 
in most boys became relatively more pronounced 
due tæa delay of the adolescent growth spurt. In the 
5 boys the mean height standard deviation score at 
age 13 years was -2.57 (range —2-16 to —3- 18). 
Bone age was appreciably delayed in all of them; 
the mean bone age delay in the 4 in whom it was 
measured at age 13 years was 3-2 ‘years’ (range 2 
to 3-8 “years ). 


Pubertal development. Pubertal development (Table 
2) wes delayed in all 5 boys and will be described 
in eaen individually. In Case 1 clinical signs of 
puberty were absent at age 14-3 years—that is later 
than the age when 97% of normal boys start 
secondary sexual development.!? Treatment with 
testosterone oenanthate (100 mg 2 monthly) was 
giver. for | year and brought about an increase in 
height velocity from 3-2 to 6-9 cm/year and good 


Table 2 Clinical and hormonal details of puberty 





genital virilisation. After treatment spontaneous 
pubertal development continued with enlargement 
of one of the undescended testes and was satisfactory 
at age 17-4 years. In Case 2, puberty was also delayed 
with pubic hair stage 2 occurring at 13-8 years— 
that is 1-1 year after half of normal boys are in this 
stage.'* Subsequent development was normal and 
no androgen therapy was necessary. In Case 3 
puberty was delayed and was associated with a 
height velocity of 2-7 cm/year and psychological 
disturbance at age 13-1 years. Testosterone oenan- 
thate (100 mg 2 monthly) was given from 13-1 to 
13-7 years and from 14-4 to 15-4 years with good 
virilisation. There was no testicular enlargement and 
maintenance of androgen therapy is likely, to be 
necessary. Case 4 had delayed but normal pubertal 
development with enlargement of the scrotal testis 
only. Case 5 had lack of signs of puberty and slow 
growth (4-3 cm/year) at 13-7 years and was started 
on testosterone oenanthate (100 mg 8 weekly). Fair 
virilisation and increased height velocity (8-6 cm/ 
year) occurred during the first 1- 1 years of treatment. 
There was no testicular enlargement and main- 
tenance of androgen therapy is likely. 


Endocrine studies. The results of endocrine studies 
performed in 4 of the boys are shown in Table 2. 
After hCG stimulation, plasma testosterone levels 
increased in Case 3 from 0-7 to 6-2 nmol/l and in 
Case 4 from 1-9 to 13-0 nmol/I. In Case 5 there was 
no response. All subjects were prepubertal at the 
time of the test. The testosterone response in Cases 3 
and 4 may be considered normal.” Plasma gonado- 
trophin concentrations were compared with those 
measured in the same laboratory!! in boys with 
constitutional growth delay and comparable bone 
ages (8-14-6 ‘years’). Basal plasma LH levels in 
Cases 1 and 4 were raised and the LH responses 
to LH-RH in Cases 1, 3, and 5 were greatly increased. 
Basal FSH levels were raised in Cases 1, 3, 4, and 
5 with exaggerated responses to LH-RH in all the 
boys tested. 















Case Age Cryptorchidism Pubertal Testosterone Testosterone (nmol/l) LH-RH test (0-1 mg) 
( years) development oenanthate — es 
Right Left (100 mg 8 Basal PosthCG LH (IUID FSH (IUJD 
weekly) ae 
0 20 60 (min) O 20 60 (min) 

1 16-5 +. 4 Delayed -- — - 12-5 65-5 67-5 28 40 37-6 
3 11-8 + + Absent E 0-7 6-2 — — — — slit 

15-5 — — 1-0 54 54-5 6-8 11-6 15-9 
4 14-2 } Delayed 1-9 13-0 — — — — -n 

16-4 — — 11-7 — — 40 — — 
5 13-8 + + Absent + 0-6 0-7 17-5 31 8-3 16-5 24 
- ed 


Cenversion: SI to traditional units—testosterone 1 nmol/ 





| ~ 0-288 ng/ml. 
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Discussion è 


Noonan’s syndrome has been shown to be associated 
with considerable phenotypic heterogeneity.? !3 It is 
therefore not surprising that different patterns of 
growth and pubertal development have been de- 
scribed in this syndrome. Short stature is undoubtedly 
a common feature, being present in 83 Yo Of 81 
patients.” Cryptorchidism occurred in 73% of boys 
in the same series. Small external genitalia and 
abnormal pubertal development are also well-known 
characteristics.14 

In the present study the growth pattern of short 
Stature with essentially normal prepubertal height 
velocity associated with delayed skeletal maturation 
resembled that found in boys with constitutional 
growth delay.!®> The presence of congenital heart 
disease may have contributed to poor growth. The 
patients who showed spontaneous pubertal develop- 
ment were not studied in sufficient detail to assess 
the auxological features of the adolescent growth 
spurt, however the lack of growth of all the boys at 
the time of normal puberty indicated that this was 
significantly delayed. Delayed skeletal maturation 
was present in all of them and has previously been 
described in Noonan’s syndrome. 16 

Pubertal development in boys with Noonan’s 
syndrome has usually been reported as abnormal, 
being associated either with cryptorchidism,! primary 
gonadal dysfunction with impaired androgen pro- 
duction and deficient spermatogenesis,!4 or with 
panhypopituitarism.!? In contrast puberty may be 
normal but delayed! with. rarely, fertility and male- 
to-male transmission of the syndrome.‘ In the present 
series there were essentially two patterns of pubertal 
development. Firstly, in 3 boys puberty was delayed, 
possibly as part of a general delay of maturation, 
but eventually occurred with Satisfactory secondary 
sexual development: although no study of spermato- 
genesis was made. Secondly, virilisation did not 
occur, the testes were small and undescended and 
testosterone therapy was necessary. The association 
of cryptorchidism and failure of virilisation may well 
have been an expression of primary gonadal failure. 

Normal androgen responses to hCG stimulation 
have been reported in boys with Noonan’s syn- 
drome.* 16 Of the 2 patients in the present study who 
required testosterone therapy, one had a normal 
response and the other a lack of response to hCG. 
The hCG test may however, be an unphysiological 
stimulus of Leydig cell function and thus not provide 
an accurate prediction of subsequent pubertal 
development. Prepubertal boys with Klinefelter’s 
syndrome who later required androgen therapy also 
responded to hCG stimulation,18 Gonadotrophin 
concentrations in 4 Subjects were either normal or 


increased, excluding gonadotrophin deficiency as a 
Cause of abnormal puberty. The raised LH responses 
to LH-RH in 3 patients may indicate Leydig cell 
dysfunction and agree with the data of Kauschansky 
et al but not with that of Van Meter and Lee® who 
reported a normal response to LH-RH in this 
syndrome. There is general agreement however, 
concerning the increase in basal and post-stimulatory 
FSH secretion? ê 16 as a biochemical index of germinal 
cell damage and impaired spermatogenesis. 

Growth and puberty do not therefore follow a 
uniform pattern in Noonan’s syndrome. The pre- 
dominant features in the patients in the present 
study appear to have been firstly, a general delay of 
maturation affecting both growth and pubertal 
development and, secondly, clinical and hormonal 
evidence of primary gonadal failure in some subjects 
which may be expressed as cryptorchidism and 
deficient secondary sexual development. 


We thank Dr D B Grant for permission to publish 
data and help in the preparation of the manuscript, 
and Dr L Scott for permission to publish data. 


G T was a Swiss National Foundation Research 
Fellow. 
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Screening for cystic fibrosis by dried blood spot 
trypsin assay ` 


A F HEELEY, MARY E HEELEY, D N KING, J A KUZEMKO, AND 
M P WALSH 


Department of Clinical C hemistry and Department of Paediatrics, Peterborough District Hospital 


SUMMARY Immunoreactive trypsin was measured in dried blood specimens from 14 000 infants. A 
setong test was performed in 0:2% of the population in whom blood trypsin levels were greater 


one of whom had a blood trypsin concentration <80 ng/ml. 


Having previously described! a technique for the with blood disc size and reagent volumes as pre- 
measurement of immunoreactive trypsin (IRT) in viously described! using the CIS trypsin radio- 
small dried blood discs, we were able to confirm, in immunoassay kit (CIS (UK) Ltd) with the føllowing 
a retrospective study, the earlier observations of modifications. The blood disc was preincubated with 
Crossley et al.? that IRT concentrations are appre- antibody at room temperature for 2 hours. 125]. 
ciably increased in the blood of infants with cystic labelled trypsin, diluted in phosphate buffer DH 7, 
fibrosis (CF) during the first days of life. The con- was added and incubation continued overnight. 
clusions to be drawn from such an investigation are Without removing the Paper disc, bound and un- 
limited since it is not clear to what extent Storage of bound antigen were separated by the addition of 
the specimen affects the Stability of the IRT nor is it 0-5ml polythylene glycol, incorporating carrier 
possible to determine the frequency of false-positive serum as a single reagent (9 ml carrier serum added 


and false-negative test results. to 120 ml PEG). 
We now present the results of our experience with Precision was improved by using this modified 
the technique in a neonatal screening programme. assay; within-batch and between-batch coefficients 
of variation ranged from 5-4 to 7-6% and from 
Methods 8-9 to 9-2Y¥ respectively over a concentration range 


of 40-120 ng/ml. The lower limit of detection was 
Study population. In the course of routine bio- 7 ng/ml. 
chemical screening, infants born in East Anglia have 
blood specimens taken by heel-prick between the Results 
6th and 9th days of life. The IRT assay was per- 
formed on 14 000 of these specimens during a period The number of blood specimens analysed in a single 
of one year. batch varied between 200 and 300. IRT concentra- 
Blood specimens were also obtained from 6] tion values do not show a normal distribution: the 
infants aged between 2 days and 6 months in whom results of 3000 specimens analysed in ten consecutive 
symptoms suggesting CF had been Observed. Many batches gave a mean IRT concentration of 16 ng/ml 
of these blood specimens were referred to us from witha value of 46 ng/ml at the 98 - 5th centile. 
other centres. Such symptoms included meconium Based on the finding that dried blood specimens 
ileus, delayed Passage of meconium, intestinal stored at room temperature lose half their immuno- 
Obstructions, failure to thrive, and respiratory reactivity over a period of 3 months, and that stored 
problems. specimens from CF infants have IRT levels of about 
40 ng/ml, it was decided for the present investigation 
Immunoreactive trypsin assay. This was performed to request a second blood specimen Only if the IRT 
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mecsured in the first gave a result > 80 ng/ml. Thus 
second specimens were requested from only 0:2% 
of the population screened. Of these all but 6 were 
found to have normal results (< 46 ng/ml). None of 
these infants developed any symptoms of CF. Six 
infencs however were found to have persistently 
high bleod IRT concentrations. 

At the time of the second test Cases | and 2 
(Table |) were considered to be clinically normal and 
were mot examined by a paediatrician until some 
weeks later when mild symptoms were apparent and 
the diagnosis of CF was confirmed by sweat chloride 
measurement. One week before the second IRT 
assay was performed Case 3 suffered bouts of colic 
with a distended abdomen for which no specific 
cause could be found; the diagnosis of CF was made 
shortly thereafter. Two infants (Cases 4 and 5) were 
known to be at high risk for CF since each had 
affecced siblings. Although they remained free of 
symptoms for several weeks, their abnormal blood 
IRT lewels predicted the existence of the disease and 
eventually this was confirmed. 

Case 6 remained free of symptoms although his 
blcod IRT levels were consistently high on three 
oceasiens. A single sweat chloride measurement at 3 
months gave a normal result. 

During the period of investigation 3 other infants 
in aham CF was subsequently diagnosed, were born 
in Zast Anglia (Table 2). In two of them (Cases 7 and 
8) retrospective analysis of neonatal screening 


Tare! Infants with persistently increased blood immu 





Specimens could not be performed. In the third 
(Case 9) the blood IRT concentration was still high 
(> 80 ng/ml) at the time of diagnosis at 30 
weeks. i 

Of the blood specimens obtained frem other 
centres, 9 were from infants aged between 2 and 12 
days presenting with intestinal obstruction, and in 
whom the diagnosis was subsequently confirmed. 
In 8 of these, blood IRT concentration was in excess 
of 100 ng/ml. The ninth patient at operation was 
found to have severe pancreatic involvement with 
histological features of CF; he died at age 2 weeks 
and his blood IRT level was 49 ng/ml. 

The remaining 51 infants, aged between 2 days 
and 6 months, either presented with symptoms 
or had given borderline or abnormal results after 
meconium screening tests, and had blood IRT 
concentrations ranging from 6 to 55 ng/m.. 


Discussion 


Although all earlier investigations'~* have shown 
that blood IRT concentrations are increased in the 
early stages of CF, the use of the dried blood spot 
IRT assay as an effective screening test for the 
condition has not been evaluated. In the prospective 
screening trial described here in which 14 000 infants 
born in East Anglia were tested, 5 infants with CF 
were detected. Thus the incidence of CF was found 
to be 1 in 2800 which, considering the population 


noreactive trypsin without early symptoms 






Symptoms at time of 





Case Gender Blood immunoreactive trypsin concentration Age when increased sweat 
— chloride demonstrated diagnosis 

At 6-9 days Later Age (weeks) 

(ng/ml) (ng/ml) (weeks) 
I M > 150 > 150 5 13 Mild respiratery 
2 F 90 63 9} 14 Mild failure to thrive 
3 F 108 141 6 7 Colic, abdominal distention 
B F >100 — -— 9 Mild respiratery 
5 F > 100* 78 2% 4-5 None 
6 M 88 87 9 — None, norma sweat 

85 15 chloride at 15 weeks 


* Same value found at 48 hours. 


Table 2 Infants diagnosed before immunoreactive trypsin assay performed 


Symptoms 


Meconium ileus 
Meconium ileus 


Caze Gender Blood immunoreactive trypsin concentration 
At 6-9 days Later Age 
(ng/ml) (ng/ml) (weeks) 
7 M Insufficient blood 84 10 
8 M ND 79 9} 
9 F 79* 82 31} 


Wheezy. Normal chest signs and x-ray mlm at 
14 weeks. Respiratory problems, diagnosis at 
28 weeks 


aan 


= After storing for 30 weeks. 
ND: not done. 
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sample, is close to,the expected incidence. So far we 
do not know of any false-negative results. Symptoms 
were not apparent at the time of testing in any of the 
5 infants. 

In order to detect these cases, it was necessary to 
perform the test on a second blood specimen from 
0-2% of the population. Only one infant in whom 
the diagnosis of CF could not be established had 
persistently high IRT levels. The designation of this 
test result as a ‘false-positive’ must be made tenta- 
tively since CF was excluded on the basis of a single 
normal sweat test result at age 3 months when the 
infant was also found to be clinically normal. At the 
present time therefore, the frequency of ‘false- 
PQsitive’ results after a second test is 0-007%. It is 
apparent that 0-16°% of the infant population during 
the first 2 weeks of life have transient hypertryp- 
sinaemia (> 80 ng/ml). While the causes of this 
phenomenon are currently the subject of investiga- 
tion, our initial observations Suggest that it is not 
associated with prematurity and it seems likely that 
the duration of the hypertrypsinaemia is short, 
perhaps 2-3 weeks. 

During the period of investigation some 22 000 
infants were born in East Anglia and among these a 
further 3 cases of CF, who had not been tested in the 
first 2 weeks of life, were diagnosed after the onset 
of clinical symptoms. All 3 patients had increased 
blood trypsin levels at the time of diagnosis and it 
was possible in one of them to analyse the neonatal 
screening specimen which gave an abnormal result 
(79 ng/ml), even after 7 months’ storage. It is 
noteworthy that normal faecal trypsin activity had 
been reported at age 3 months and thereafter it is 
likely that normal results would have been found 
had meconium albumin or faecal trypsin screening 
tests been carried out. 

Blood IRT was measured in 9 other infants 
presenting with early symptoms in whom the 
diagnosis of CF was eventually made. Levels 
> 100 ng/ml were found in 8 of them; the other 
infant was a case of unusual severity who was found 
to have little functional Pancreatic tissue and he died 
in early infancy. The lower blood IRT levels in this 
case are compatible with the results of earlier 
investigations! 2 which have shown that IRT levels 
decrease as the pancreatic disease progresses although 
this is generally observed in much older children. 
The early diagnostic capability of the test was 
demonstrated in that all of the other 13 infants with 
CF, who were tested during the first 2 weeks of life, 
had blood IRT levels greater than 90 ng/ml. Equally 
important in this respect are the normal results 
obtained from infants with early symptoms which 
were later ascribed to causes other than CF. The IRT 
screening test also proved definitive in the few cases 


which had produced borderline or abnormal 
meconium screening test results. 

The data presented here are insufficient to deter- 
mine at what age the test loses its diagnostic poten- 
tial, although it is already clear from some of the 
results (Cases 2 and 9) that there is individual 
variability. 

Observations on 4 CF patients with intestinal 
obstructions suggest that blood IRT levels may be 
temporarily depressed after abdominal surgery. The 
Cause of this is unknown and is currently being 
investigated. In the meantime we would advocate 
caution in the interpretation of test results obtained 
postoperatively. 

With regard to the allegedly high cost of reagents 
for the IRT assay? the technique described here 
costs about 35p per test. It should be recalled that 
prices for thyroid-stimulating hormone radio- 
immunoassay reagents have decreased considerably 
with the growing practice of mass screening for 
congenital hypothyroidism. Moreover, many 
regional screening laboratories now have the 
equipment to facilitate the processing of large 
radioimmunoassay work loads. 

The wider issue of the value of mass screening will 
continue to be debated. Nevertheless, a prerequisite 
for the assessment of the early diagnosis and treatment 
of this condition is an effective and reliable screening 
test. Tests based either directly or indirectly on 
pancreatic enzyme activity in the gut have not been 
entirely satisfactory. For example, in a recent 
extensive trial ° of the faecal trypsin screening test on 
20000 infants, a second specimen was requested 
from 0-53% of the population and the final false- 
positive test result frequency was 0-02%. Three 
cases of CF were detected and 2 false-negative 
results obtained. 

We are confident, on the basis of the data presen- 
ted, that the specifity and sensitivity of the blood 
spot IRT assay will prove to be superior to that of 
any other currently available test for the early 
detection of CF. 


Addendum 


Our conclusions are now supported by the results of 
tests performed on a total of 20000 infants. Per- 
sistently high blood IRT levels were found in 9 
infants and the diagnosis of CF has been established 
in 8 of them. Thus, the incidence of CF in the 
population screened was 1 in 2500. The final false- 
Positive test result frequency was 0-005 % and this 
was due to a single case. No case of CF has yet been 
identified which was associated with a norma! blood 
IRT level in early infancy. We now have data which 
Suggest that transient hypertrypsinaemia in th 


Ay 


Screening 


neonate is of very short duration and it is most 
unlikely that the phenomenon will be confused with 
the hypertrypsinaemia associated with CF. 


We thank our paediatrician colleagues in East 
Anglia for enthusiastic collaboration, Dr Roger 
Bayston, Institute of Child Health. London, and Dr 
Jan Stern, Queen Mary Hospital, Carshalton, for 
providing blood specimens, and Mr Barrie Baxter, 
CIS (UK) Limited, for assay reagents. 
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Fatal infection with echovirus 11 


P J BERRY AND J NAGINGTON 


Department of Morbid Anatom y and Histopathology, and the Public Health Laboratory Service, 
Addenbrooke’s Hospital, C ambridge 


SUMMARY Twenty-four fatal cases of echo 11 infection in the eleven years 1968-78 are presented. 
All were children, and could be divided into two groups according to age at death and clinical] 


sisted of 12 children aged between 9 weeks and 4 years 10 months who died suddenly. Pathological 
findings included upper respiratory tract infection, pneumonia, encephalitis, and gastroenteritis. 
Six of this group had been classified as ‘ cot deaths °. The role of echo 11 in the death of some of 
these older children is unknown. This report shows the danger of echo 11 to neonates, especially if 


unprotected by maternal antibody. 


Echo 11 has been reported to cause a wide range of 
clinical syndromes. The most common outcome of 
infection is probably a subclinical illness followed 
by immunity.! In young children, it may lead to 
serious illness—such as aseptic meningitis,” upper 
respiratory tract infections,? severe diarrhoea,? 
neonatal hepatitis,» and myocarditis. Infection 
occasionally may be associated with arash.’ Echo 1] 
has also been associated with mild paralytic disease 8 
and pleurodynia.® 

Despite the severity of some of these infections 
reports of death due to echo 11 are scarce. Krous 
et al described a fatal infection in a newborn 
infant with meningitis and disseminated intravascu- 
lar coagulation. In 1978 we described an outbreak 
in a special care baby unit with 3 deaths.* Further 
reports quickly followed 12 as a consequence of 
the epidemic spread of infection and included an 
account of an intrauterine death attributed to 
maternal infection with echo 11.13 The Striking 
increase in fatal infections as a result of the 1978 
epidemic provided a unique opportunity to explore 
the pathology of echo 11 infections in detail. 

Hitherto pathological descriptions had been 
restricted to a few isolated cases. 


Methods 
Brief details were provided by the Public Health 
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Laboratory Service, Communicable Disease Sur- 
veillance Centre, Colindale, London, of 41 patients 
reported during the I 1-year period January 1968 to 
December 1978 who had died with an associated 
echo 11 infection. 

A letter explaining the purpose of our study and 
requesting brief clinical details, a necropsy report, 
and sections or blocks if available Was sent to the 
appropriate consultant or coroner. 

Material obtained in this way forms the major 
part of the series, although Cases 1-3 died in 
Cambridge and were initially studied by us.? 

In each instance the clinical and pathological 
details were critically reviewed, and where possible 
sections for microscopial examination were 
prepared and stained by standard methods.!4 Cases 
in which information was considered inadequate 
were excluded. 


Results 


The 11-year period of the study included the 1972-73 
epidemic and most of the 1977-78 outbreak. The 
number of deaths each year was broadly proportional 
to the total number of cases reported to the Com- 
municable Disease Surveillance Centre during the 
same period (Fig. 1). There were 1495 reported 
isolations of echo 11 in 1978 which was nearly twice 
the recorded figure of 895 for the previous 10 years. 
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Number of patients 
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1970 1972 


(Years) 
Fig. 1 Total annual reports of echo 11 (England, Wales, 
and Nortaern Ireland, 1968 to 1978), and unselected deaths 
durirg the same period from which echo 11 was isolated. 
(PHS: wnpublished figures). 


1974 1976 1978 


Dunng ‘nat 10-year period the majority of isolations 
(498/895, 56%) were from children under 5 years, 
mary of them (219/498, 44°) under l-year old. 

Ten of the 41 fatal cases were excluded from 
detciled consideration because of lack of informa- 
tior. Seven others were excluded because infection 
with echo Il was superimposed on pre-existing 
potentially fatal disease, and in one case because of 
doubt about the echovirus type. Thus 24 cases 
remained in which death could be attributed to echo 
11. The oldest was 4 years 10 months old. 

When the fatal cases were analysed according to 
age at death (Table 1) it was clear that the period of 
greates: risk was during the first 2 weeks of life, 
since as many deaths occurred then as in the whole 
of the rest of the first year. The only 4 fatalities over 
age 5 wears to be notified to the Communicable 
Disease Surveillance Centre in 1968-78 had other 


Table 1 Age at death of cases notified to CDSC 
(1958-78) associated with echo 11 infection 





Age at Number of (unselected) cases Number of cases studied 
deavh (n = 40*) (n =24) 
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diseases which were sufficient to account for death. 
After these cases had been excluded 24 chilcren were 
left, and these could be placed in one of two distinct 
groups according to age and clinico-pataological 
presentation. : 


Group 1. Twelve infants aged between 3 ane 11 days 
died with an overwhelming illness characterised by a 
short clinical course including collapse and 1aemorr- 
hage. At necropsy there was evidence of disseminated 
intravascular coagulation with haemorrhage im many 
Organs, notably the renal medulla, adrenal glands, 
gastrointestinal tract, and central nervous system. 


Group 2. Twelve children aged between 9 weeks and 
44 years died suddenly. All were presented to tHe 
pathologist as coroner’s cases, often with no 
preceding illness. 


Group 1 (Table 2) 


Cases 1-3 and Case 4 have already been reported 
elsewhere? !* and these papers may be consulted 
for detailed clinical and epidemiological information. 


Clinical history 

The onset of illness in the child was preceded by 
maternal illness similar to that reported in proved 
echo 11 infection ®!* in Cases 1, 4, and 6, and a 
rising titre to echo 11 was present in the mothers of 2 
of these infants suggesting that infection had been 
acquired from them. In others, droplet spread from 
infected staff may have occurred. 

Although 2 neonates died suddenly the clinical 
details of the others were very similar. The illness 
began several days after birth with reluctance to 
feed, floppiness, and pallor. The infants soon became 
severely ill with collapse, metabolic acidosis, and 
apnoeic attacks. Seven were notably jaundiced, and 
4 infants had spontaneous bleeding. Hepato- 
splenomegaly, tender abdominal distensien, ascites, 
oedema, and bleeding from puncture sites were 
variable findings. Case 4 had a macular rash and 
anuria, but functional renal impairment was not 
noted in others despite the striking findings at 
necropsy. 

** Complete coagulation studies were available only 

n Case 2 and showed prothrombin time 40 seconds 
(control 13-0), thrombin time 42 seconds (control 
11-0), and fibrin degradation products 40 ug/ml 
(normal < 10). Other cases had similar changes and 
were thought to show the clinical picture of dis- 
seminated intravascular coagulation. 

Although bacterial cultures in life were sterile, 
except in Case 11 in whom gonococci were grown 
from a conjunctival swab, the diagnos was often 
assumed to be septicaemia and the infants treated 
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Table 2 Neonates with fatal echo 11 infection (group 1) 





Case Sex Weight (kg) Age at death (days) Microbiology 
1 M 2:7 5 

2 M 2-0 6 
3 F 2-0 9 

4 M 3-0 5} 

throat, and rectum 

5 M ‘Term’ 7 Echo 11 from lung 
6 F 2:3 4 
7 F ‘Preterm’ 8 Echo 11 from gut 
8 M 3 8 Echo 11 from liver 
9 F 2-7 11 

10 M 2-8 5 

11 M 1-2 7 

i? M 2-3 6 Echo 11 from lungs 


CSF =cerebrospinal fluid. 


accordingly. Despite this the condition of each 
continued to deteriorate and they died within 24—48 
hours of the onset of the illness. 


Necropsy findings 

The main external findings are shown in Table 3. 
Prematurity or low birthweight was noted in half of 
them. 

Internal examination of the 12 infants showed 
many similarities, and the 2 babies who died 
suddenly did not differ in any significant detail from 
the others. Haemorrhage was present in all (Table 4), 
and there was an accumulation of fluid in the pleural 
and peritoneal cavities in 6 cases. The ascites caused 
abdominal distension. 

Kidneys. In 11 of the 12 cases the kidneys were 


Table 3 External findings at necropsy in 12 neonates 
with fatal echo 11 infection 
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Findings Neonates (n= 12) 





Jaundice 

Bruising around puncture sites 
Petechiae or purpura 

Abdominal distension 
Generalised oedema 

<2500 g or <36 weeks’ gestation 
No external abnormality 
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Table 4 Sites of haemorrhage found at necropsy in 12 
neonates with fatal echo 11 infection 


eS 
Site Neonates (n=12) 
Renal medulla 11 

Adrenal l1 

Gastrointestinal tract 8 

Central nervous system 8 

Pericardium 6 

Bladder mucosa 4 

Intrapulmonary 2 

Subpleural l 

Capsule of thymus l 

Capsule of liver 1 


p 





Echo 11 from lung, liver, and spleen 
Echo 11 from lung, liver, and spleen 
Echo 11 from lung, liver, and spleen 
Echo 11 from CSF, liver, heart, 


Echo 11 from lung and CSF. 
Escherichia coli from blood 


Echo 11 from CSF in life. CSF at 
necropsy grew Klebsiella edwardii 
Echo 11 from lung and kidney 


Echo 11 from CSF, Neisseria 
gonorrhoeae from conjunctiva 


Clinical features 
nn 
Collapse and metabolic acidosis 
Collapse and metabolic acidosis 
Collapse and metabolic acidosis 
Respiratory distress, rash, disseminated 
intravascular coagulation, acidosis, 
jaundice, shock 

Collapse 

Respiratory arrest 


Septicaemic illness 

Collapse, coma, bleeding, convulsions 

Disseminated intravascular coagulation 
and coma 

Sudden death at home on day of 
discharge from hospital 

Home delivery at 34 weeks’ gestation. 
Shock and septicaemic illness 

Fits, cardiac arrest 





Fig. 2 Cut surface of kidney showing characteristic 
congestion and haemorrhage sharply confined to the 
medulla. There is haemorrhage into the suprarenal gland 
(above). 


enlarged with uniform purple medullary congestion 
and haemorrhage, and a pale cortex (Fig. 2). Linear 
fibrin thrombi were present in medullary vessels 
towards the tips of renal papillae in 7 of the 9 cases 
for whom sections were available (Fig. 3), and some 
showed early papillary necrosis. The cortex was 
essentially normal except in Case 6 in whom multiple 
fibrin thrombi were also present in glomerull. 


Adrenals. Eleven infants showed adrenal haemorr- 
hage which was severe and bilateral in six (Fig. 2). 
Microscopical examination showed necrosis and 
haemorrhage with strands of fibrin in cortical 
sinusoids (Fig. 4). 
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Fig. 3 Renal medulla of an 
infant in group 1. There is intense 
interstitial congestion and 
haemorrhage. A fibrin thrombus 
is present in the centre of the 
field (arrows). Martius scarlet 
green x 450. 


Fig. 4 Linear deposits of fibrin 
in an adrenal cortical sinusoid 
(arrows). Martius scarlet green 

x 450. 
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Liver. Abnormalities were found in 9 cases, the liver 
being enlarged, congested, and mottled. Sections 
were available from 10 cases and showed extensive 
centrilobular necrosis with fibrin deposition in 
sinusoids in 3, and massive hepatic necrosis in two. 
A further case in which sections were not submitted 
also had almost total necrosis of the hepatic 
parenchyma. 


Gastrointestinal tract. The intestines were intensely 
congested, often with subserosa] petechial haemorr- 
hages. Submucosal haemorrhages were found at all 
levels of the gastrointestinal tract with bloodstaining 
of its contents. 


Lymphoreticular system. Sections of spleen from 9 
cases showed congestion of the red pulp, which in 
many contained pyknotic nuclei, fibrin, and nuclear 
debris. There were many macrophages filled with red 
cell fragments, the latter also occasionally being seen 
free in the sinusoids. The white pulp lacked properly 
formed germinal centres, but mitoses were common. 
Marginal and medullary sinusoids in mesenteric 
lymph nodes were filled with blood. 

Other necropsy findings were less specific. A single 
case showed interstitial pneumonia, and another a 
lymphocytic meningitis. Eight of the 12 infants had 
haemorrhages into the central nervous system, and 
there was massive cerebellar haemorrhage in 2 cases. 
Formal neuropathological examination of fixed 
brain in 5 cases showed no evidence of encephalitis. 
No inflammatory infiltration was seen in the myocar- 
dium to suggest myocarditis, although Case 2 had 
necrosis of subendocardia] muscle fibres similar to 


that described in circulatory collapse. Pericardial 
petechial haemorrhages were found in 6 cases. 


Group 2 (Table 5) 


Clinical history 

Clinical details were incomplete, as only Cases 21 
and 24 had been seen by a doctor before death. Case 
19 was said to have had an ‘acute infection’ and 
Case 18 was described as being ‘ chesty ’ for several 
days before death. 

Case 21 died after a 2-week illness with an upper 
respiratory tract infection and febrile convulsions. 
Case 24 had a 2-day history of gastroenteritis and 
died very Shortly after admission to hospital. 


Necropsy findings 

The abnormalities described at necropsy were 
mainly confined to the respiratory tract and were 
non-specific. Six cases showed subserosal petechial 
haemorrhages. Other abnormalities were hyperaemia 
of the trachea and major bronchi (6 cases), frothy 
fluid in the trachea (5 cases), areas of pulmonary 
collapse (4 cases), and basal bronchopneumonia (2 
cases). No abnormality was seen macroscopically in 
2 infants. 

The predominant abnormalities shown in micro- 
scopical examination were mild to moderate tracheo- 
bronchitis (3 cases), acute bronchiolitis (1 case), a 
perivascular and interstitial lymphocytic infiltrate (1 
Case), and sparse foci of lymphocytes and neutrophils 
in the lung parenchyma. Other children showed 
pulmonary oedema and congestion only, 

Sections of other organs were examined if available. 


Table 5 Deaths associated with echo 1] infection in older children (group 2) 


Microbiology 


eae 








Circumstances of death Findings at necropsy 





5 T 


13 M 9 weeks Echo 11 from lung Cot death Respiratory infection 
14 M 10 weeks Echo 11 from myocardium. Cot death — 
Abnormal child with pericentric 
inversion of chromosome I 
15 M 10 weeks Echo 11 from faeces. Cytomegalovirus Cot death Respiratory infection 
from lung 
16 F 11 weeks Echo 11 from nose but not lung Cot death Respiratory infection 
17 M 4 months Echo 11 from lung and nose. Cot death Respiratory infection 
Haemophilus from bronchial swab 
18 M 54 months Echo 11 from spleen and faeces, Sudden death ‘chesty’ Pneumonia 
Escherichia coli from CSF at necropsy 
19 F 6 months Echo 11 from faeces but not from Sudden death Early pneumonia 
lung or spleen ‘acute infection’ 
20 M 17 months Echo 11 from trachea Sudden death Acute tracheobronchitis 
21 F 2 years Echo 11 from lung, trachea, and Unexpected death after 2 Respiratory infection. 
brain. Mumps virus* and weeks’ febrile convulsions Encephalitis 
Haemophilus influenzae grown from 
throat 
22 M 3 years Echo 11 from throat and urine Sudden death Respiratory infection 
23 M 4} years Echo 11 from trachea Sudden death Acute bronchopneumania 
24 F 4 years 10 months Echo 11 from faeces 2 days of gastroenteritis. 


Acute infection. 


Died shortly after Gastroenteritis 
admission 
*Mumps virus isolated from throat swab 2 weeks before death. 


Fibrin thrombi and haemorrhage were not a feature 
of this group. Early perivascular cuffing was seen in 
sections of brain from Case 21. Although echo 11 was 
found insa sample of heart from Case 14 there was no 
microscopical evidence of myocarditis. Case 24 
showed dehydration, congestion of the mucosa of 
the gastrointestinal tract, and pronounced lympho- 
cytic infiltration of portal tracts in the liver. 


Discussion 


This retrospective study is thought to provide a 
reasonably complete picture of fatal echo II 
infection in England, Wales, and Northern Ireland 
during the period 1968-78. A similar epidemic 
patt2rm was reported in the USA." 

Tre sample was probably biased towards those 
cases in which pathologists were likely to submit 
samples for virus culture at necropsy. Thus although 
no deaths among adults were shown to be due to 
echo 11 we cannot be sure that it never produces a 
fatal infection in them. Deaths are almost certainly 
more common among children than the figures 
presented here would suggest. The clinical diagnosis 
in neonates was often septicaemia, and it is likely 
tha: the true diagnosis was sometimes missed because 
a virus was not sought. 

Because of the difficulty in obtaining data retro- 
spectively, and the dangers inherent in studying 
histological material and reports often made for 
quite another purpose, a deliberate attempt was 
made not to over-interpret the findings. This was 
particularly true in group 2 where the necropsy 
report was sometimes in the form of a brief coroner’s 
report, and sections of lung restricted to one or two 
rar dom samples of uninflated parenchyma. 

Despite these difficulties group | presents a clearly 
defined syndrome which can be attributed with 
confidence to infection with echo 11. All the deaths 
occurred between the 4th and 11th day of life, and 
infection was probably acquired by droplet spread or 
direct contact.® Since 3 of the mothers had been ill 
just before the birth of an infected infant the possi- 
bi ity of transplacental infection cannot be excluded. 
We studied one stillborn infant of a mother with a 
severe echo 11 infection, and found no evidence of 
in’ection in the child.!3 Paterson and Smith '® 
described maternal infection with echo 8 leading to 
premature delivery of an apparently unaffected baby 
w 10 died of hyaline membrane disease shortly after 
birth. Transplacental spread has been described in 
echowrus types 14, 19, and 22.'7-'™ Infection may 
oecur readily at the time of birth since nasopharyn- 
geal and faecal excretion is common. 

The absence of maternal antibody in Cases 1-3 
with lack of passive immunity in the infant may 
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explain the severity of the infection in these children 
as has been observed in other neonatal virus infec- 
tions—for example varicella.” The protective action 
of maternal antibody is,suggested by the antenatal 
antibody status of the mothers in the Cambridge 
outbreak. Neutralising antibody was sought in 
antenatal sera stored after rubella tests. There were 
18 babies at risk and there was no antibody to echo 
11 in the 5 mothers for whom serum was available 
and whose babies developed symptoms, iacluding 
the 3 fatal cases. Conversely antibody was present in 
2 of 3 mothers whose babies were infected but had 
no symptoms, and in one of 2 mothers whose babies 
were not infected.’ It is suggested that maternal 
antibody protects from symptomatic infection, buf 
not from asymptomatic colonisation. 

A panel of blood donors with neutralising anti- 
body was bled for serum. This was provided for 
inoculation of the babies in 2 small special care baby 
unit outbreaks, and no further cases occurred. In one 
special care baby unit 6 babies whose mothers had 
no neutralising antibody did not develop mfection. 
However, the numbers are too few for firm con- 
clusions to be drawn. 

Enterovirus infections are generally believed to be 
more severe in neonates, although the reasons are 
not clear. The marked susceptibility of suckling 
mice to coxsackieviruses has been attributed to 
greater availability of virus receptors *' and to the 
inability to produce interferon.” 

The major pathological processes in these infants 
appear to be overwhelming virus infeccion and 
disseminated intravascular coagulation. Ec1o 11 was 
isolated from many sites, probably reflecting virae- 
mia, so that it was difficult to separate direct 
cytopathic effects from damage secondary to cir- 
culatory failure and disseminated intravascular 
coagulation. 

The evidence for disseminated intravascular 
coagulation was clinical, haematological, and histo- 
logical. Thrombi in the kidney andadrenal gland 
occurred pari passu with evidence of parenchymal 
damage, while in at least one case it preceded 
microscopical evidence of liver damage. Many 
mechanisms might act together to produce dissemi- 
nated intravascular coagulation—such as viraemia, 
endothelial damage, shock, and acidosis. 

The gross and microscopical pathological features 
were not specific, but constituted a recognisable 
syndrome. The renal changes were particularly 
striking and were similar in appearance to those 
described by Krous et a/.!° in fatal echo 6 infection, 
and by Philip and Larson !8 in a neonaze dying of 
echo 19 infection. Thomas found a similar appear- 
ance in the kidneys of 6 of 1000 consecut-ve necrop- 
sies on stillborn and newborn infants afte- prolonged 
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labour without evidence of virus infection, although 
thrombi were not present in the medulla.2* The 
changes we observed were probably a variant of 
haemorrhagic renal medullary necrosis of infancy.*4 

Adrenal haemorrhage, which was almost in- 
variably present in these neonates, was attributed to 
multiple factors including a coagulation defect, 
infection, and hypoxia.”° 

Hepatic necrosis, which was complete in 3 of the 
cases described here, has also been seen in echo 9,78 
echo 14,!7 and echo 19 infection.!8 

Lymphocytic meningitis and pneumonia were 
expected findings from clinical reports, although 
histological evidence was present in only one case of 
each. Mycocarditis was not seen in this series 
although one infant showed pronounced focal 
myocardial necrosis probably secondary to circula- 
tory collapse.?’ However, it may be that the necrosis 
we Saw represented foci of myocarditis in view of the 
almost complete lack of inflammatory response seen 
elsewhere. Echo 11 was isolated from the myocar- 
dium of 2 of 4 cases of myocarditis cited by Drew,® 
but no details are given of the patients’ ages or 
histological findings. 

Erythrophagocytosis in the spleen was interpreted 
as possible evidence of red cell damage, the red cell 
fragments being derived from erythrocytes damaged 
in the circulation either by virus or disseminated 
intravascular coagulation. This feature is also seen 
in some of the viral haemorrhagic fevers of adults 
associated with other viruses.”® 

The older children described in group 2 were 
quite different from the babies in group 1. The 
pathological findings in many were minor, and 
generally confined to the respiratory tract. In nearly 
all the presentation was that of a ‘cot death’ or 
sudden infant death syndrome and the pathological 
findings, particularly those in the lungs, were similar 
to previous descriptions.” Many other echo types 
have been isolated from cases of sudden infant death 
syndrome??? although their significance, like that 
of other viruses in this syndrome, is unknown. 

Only 5 of the children in group 2 could be said 
with any certainty to have died of echo 11 infection— 
that is of gastroenteritis, respiratory infection, and 
possibly encephalitis—and these may not differ 
significantly from cases successfully treated.’ In the 
others echo 11 may have contributed to death—for 
example by predisposing to bacterial infection, or 
acting as a ‘trigger’ in sudden infant death syndrome. 

Echo 11 is a rare cause of death, but clinicians 
should be aware of the danger of this virus to very 
young babies, especially in epidemics. 
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Corticosteroid-induced cataracts in idiopathic 


nephrotic syndrome 


J T BROCKLEBANK, R B HARCOURT, AND S R MEADOW 
Department of Paediatrics, St James's University Hospital, Leeds, and Department of Ophthalmology, 


Leeds General Infirmary 


SUMMARY The incidence and severity of posterior subcapsular cataracts were studied in 58 children 
with steroid-sensitive nephrotic syndrome. Eight (14%) children had cataracts. Visual acuity 
was normal in all but one child. There was no relationship between total dose or mean daily dose 
of prednisolone (corrected for body surface area) and cataract formation. Alternate-day treatment 
with prednisolone for an average of half the total treatment time did not prevent cataracts. These 
studies show there is little risk of causing permanent visual handicap in children with steroid- 
sensitive nephrotic syndrome, provided prednisolone treatment is carefully controlled. 


Posterior subcapsular cataracts are well-known 
complications of long-term corticosteroid treatment. 
They are alleged to occur in between 5 and 60% of 
patients treated with steroids,’~® and the aetiology 
of the cataract is unknown. It has been proposed 
that they occur after high doses and prolonged 
treatment with corticosteroid drugs.'7 Others 
suggest that they occur as a result of individual 
susceptibility.” 8 ° Interpretation of data is hampered 
because the children studied had a variety of 
different diseases. In few studies was the dose of 
prednisolone corrected according to differences in 
body size. 

Children with idiopathic nephrotic syndrome 
generally require large amounts of corticosteroid 
drugs for many years. They often develop features 
of corticosteroid toxicity—such as obesity and 
growth retardation—and may be expected to develop 
steroid-induced cataracts. 

The purpose of this study was to determine the 
incidence and severity of cataracts in a homogeneous 
population of children with  steroid-responsive 
nephrotic syndrome and to determine the relation- 
ship of steroid dosage to the pathogenesis. Some 
children in the study also received cyclophosphamide 
treatment because of steroid toxicity, and it was 
also possible to examine the effect of this treatment 
on the eyes. 


Materials and methods 
The study comprised 46 boys and 12 girls for whom 


the dosage and duration of corticosteroid treatment 
were known. Each had been referred to our clinic 
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because of steroid-responsive nephrotic syndrome 
which was difficult to manage. Each was known to 
have, or was believed to have, minima! change 
histology. Details of the patients and the duration 
of follow-up are shown in Table 1. 

Treatment had been started with standard doses 
of prednisolone (60 mg/m? per 24 hours) until the 
urine had become protein free. The dose was then 
reduced during the next 2 months. Any child in 
whom relapse was frequent was maintained on the 
lowest dose of prednisolone that kept the urine free 
from protein. When unacceptably high doses of 
prednisolone were needed to maintain a remission, 
cyclophosphamide (3 mg/kg) was given for 56 days. 
Some children treated before the dangers of cyclo- 
phosphamide were fully appreciated had longer 
courses of treatment. 

The total dose of each drug was calculated from 
the time that treatment with it began to either the 
time it was stopped or to the time of the eye exam- 
ination. The total duration of treatment was the 
sum of each individual course of treatment. Two of 
the 58 children received other corticosteroid drugs 
(triamcinolone and dexamethasone) as well as 
prednisolone, and in them the dose of corticosteroid 
was expressed as prednisolone or its equivalent. 


Table 1 Clinical features and treatment when examined 
Mean age Boys Girls Length of Treatment at time 
at onset follow-up of examination 
(years) (years) — 

Prednisolone Nil 
5-53-21 46 12 6-5+43-3 13 45 
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Oph-halmic examination 


Examimation of the eyes of all the children was 
carried out by one of us (RBH), who did not then 
have Getails of the children’s previous or present 
steroid therapy. These examinations were made 
about 5-7 years after the onset of the disease when 
most 2f them were no longer receiving corti- 
cost2rcic treatment. The best corrected distance 
visual acuity of each eye was assessed using Snellen 
letter charts or equivalent letter matching tests 
(Sheridan-Gardiner STYCAR tests), any appropri- 
ate spectacles being worn. If the vision was less than 
6/6 n ary eye we judged if this was due to refractive 
error, tc amblyopia from squint, or to blurring of 
the -etinal image as the direct effect of lens opacities. 
The purils were then fully dilated with cyclopento- 
late (Mwdrilate) 1% eye drops, and the eyes were 
examined in detail using the slit-lamp microscope 
and the direct ophthalmoscope. Particular attention 
was paid not only to the posterior axial subcapsular 
region of the crystalline lens, the classical site of 
steroid-anduced lens opacities (Fig. 1), but also to 
the arterior and posterior lens capsule, and to the 
epicapsular tissues. 

The cegree of the lens opacities in children with 
changes considered to be typical of corticosteroid- 
indiced cataracts was classified using the four 
grades described by Crews!” (Table 2). We found the 
distinction between the grades I and II too subtle, 
anc these two grades were therefore combined. 


Resul's 


Resuks of the eye examination are shown in Table 3. 
Eight cf the 59 children had changes typical of 
corticosteroid-induced cataracts. In 7 of them the 
opecities were assigned to the combined grades I 
anc I and there was no evidence of reduced 
visual! acuity. In one child the visual acuity was 
slight y reduced to 6/9 (20/30), and the lens changes 


Anterior 





Fig. | Typical grade IV steroid-induced posterior 
subcapsular lens opacities. 


Table 2 Crews’s classification of corticosteroid- 
associated cataracts 


Grade I Occasional subcapsular opacity or vacuoles ir the central 
region of the lens 

Grade II Small clusters of subcapsular opacities remairing discrete 

Grade III Multiple clusters of subcapsular opacities which have 
mainly coalesced 

Grade IV Extensive subcapsular opacities forming a plaque on the 


back of the lens and extending forward into the cortex 


p 


classified as grade III. In all cases the lens opacities 
were similar in the two eyes. No child had Crews’s 
grade IV opacities. The remaining 51 children had 
normal eyes with no lens opacities that could be 
attributed to corticosteroid treatment. 

During the examination it was noted that 14 
children, while having no opacities within the 
posterior subcapsular lens substance, did show some 
opacification within, or on, the posterior surface of 
the posterior lens capsule in the axial and paraxial 
regions. These opacities were not dot-like, but took 
the form of lines and whirls. They were nct believed 
to be steroid-induced, for similar opacities are 
quite often noted in the posterior capsules of 
normal patients, representing minor developmental 
defects associated with the normal antenatal 
regression of the posterior tunica vasculosa lentis 
and the fetal hyaloid vascular system. In ail but 2 of 
these children both eyes were similarly affected. 
In none was there any reduction in best corrected 
visual acuity that could be attributed to these 
minor opacities. 

The mean prednisolone dose of the group of 14 
children with minor developmental defects was 
identical with that of the group without lens 
opacities. The results of both groups were therefore 
analysed together as the normal group. 

The effects of corticosteroid treatment on the 
pathogenesis of posterior subcapsular cataracts 
were then examined. The 7 with combined grade I 
and II ophthalmic opacities had received on average 
a total prednisolone dose of 10-5 g/m? bedy surface 


Table 3 Effect of alternate-day prednisolone treatment 
and mean daily dose (+ SD) of prednisolone en 
the eyes of nephrotics 











Ophthalmic Total Number given Alternate days Mean daily 
grade no of alternate-day % total prednisolone 
patients treatment treatment time dose (mg |m? 
per day)* 
Normal 50 28 56-6+27-0 15-5+9-1 
I & ll 7 5 46-6+18-4 10-4+7-5 
IHI 1 0 0 9.4 


Le 
*Mean daily dose=total prednisolone dose (mg/m2)/tozal duration of 
treatment (days). 
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area. In contrast the child who was most severely 
affected had received a total prednisolone dose of 
only 3-56 g/m? (Fig. 2). 

The mean total duration of treatment of those 
with normal eyes was 2. 1 years (Fig. 3). Those with 
the combined grade I and II ophthalmic abnormali- 
ties were treated for an average of 3-8 years. In 
contrast the boy with grade III ophthalmic ab- 
normalities received treatment for only 1 year. 

The effects of the mean daily dose of prednisolone 
and alternate-day corticosteroid treatment were 
then examined (Table 3). The 50 children with 
normal eyes received on average 15-5 mg/m? per 
day. This was more prednisolone a day than the 7 
children who had steroid cataracts, in whom the 
average daily dose was only 10-4 mg/m”. Thirty- 
three children were treated on alternate days for 
between 16 and 83% of the total treatment time; 
28 of them had healthy eyes, and had alternate-day 
treatment for a mean of 56°% of the total treatment 
time. The 5 with the combined grade I and II 
opacities received alternate-day treatment for an 
average of 46-6% of the time. The only child with 
grade III opacities had been treated with daily 
prednisolone. The proportion of the total treatment 
time prednisolone was given on alternate days was 
not significantly different between those with 
opacities and those with healthy eyes. 

Twenty-two children were treated with cyclo- 
phosphamide as well as prednisolone (Fig. 2). The 
main indication for cyclophosphamide treatment 
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Fig. 2 Effects of total dose of prednisolone treatment 
on lens opacities. 
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Fig. 3 Effect of total duration of prednisolone treatment 
on lens opacities. 


was severe steroid toxicity. These 22 children 
received more prednisolone (On average 11-56 g/m?) 
than the 36 treated with prednisolone alone (7:67 
g/m*). Eighteen of the 22 who had cyclophosphamide 
had normal eyes. They were treated with an average 
of 7-4 g/m? cyclophosphamide and 11.9 g/m? 
prednisolone. The remaining 4 children treated with 
cyclophosphamide had the combined grade I and II 
opacities and yet had received less prednisolone 
treatment. The mean total doses were 5.3 g/m? 
cyclophosphamide and 10-0 g/m? prednisolone. 


Discussion 


Black was the first to report an association between 
posterior subcapsular cataract and steroid therapy 
in patients with rheumatoid arthritis! After some 
initial disagreement a number of confirmatory 
reports followed indicating that the lens opacities 
were the direct result of steroid toxicity, and not due 
to any associated inflammation, degeneration, or 
other process.? 7 1! 

Special mention is made in the analysis of this 
series of the 14 children who, while having no 
Opacities in the posterior subcapsular lens substance, 
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had seme opacification within or on the posterior 
surface of the posterior lens capsule in the axial or 
parexial region. These supplementary findings are 
stresse as it is possible that they may be confused 
with, and wrongly categorised as, true steroid- 
induced posterior subcapsular cataracts if great care 
is rot taken to differentiate them by identifying 
their lecalisation entirely within or on the posterior 
surface of the posterior lens capsule, using high 
magnification slit-lamp binocular biomicroscopy. 


Taking care to exclude these opacities the inci- 
dence of true steroid-induced posterior subcapsular 
cataracts in this study is 13-7%. Severe visual 
disabi ity did not occur although one child on 
careful testing had slightly reduced visual acuity 
(6/9). This degree of visual disability is mild and 
would not affect a child’s learning ability nor 
would it later put him outside the limits of vision 
required for driving. 


The severity and incidence of cataracts in this 
ser es ef children with idiopathic nephrotic syndrome 
contrasts with the higher incidences found in 
studies of children with other diseases, some of 
whick report severe visual disability requiring 
cataract extraction.2412 It is possible that the 
incidence of cataracts in this retrospective series iS 
low because opacities which developed during 
predrisolone treatment may have subsequently 
regressed when the drug was stopped. The 8 children 
with lens opacities were examined on average 4-9 
years. and 37 of the 50 children without lens 
opacities 3-4 years, after prednisolone treatment had 
been stopped. Although it is possible that opacities 
had regressed in this latter group of children we do 
not believe this would detract from the observation 
that there is little risk of inducing severe visual 
handicap in children treated with prednisolone 
because of nephrotic syndrome. 


The pathogenesis of steroid-induced cataracts is 
urclear. Attempts to induce cataracts in experi- 
mental animals have been unsuccessful.!? The 
reat enship to corticosteroid drug dosage is con- 
troversial. Some reports demonstrate a relationship; 
othe-s fail to do so.? 8° The failure to make cor- 
rectien of the total prednisolone doses for differ- 
ences in body size makes meaningful comparisons 
diticalt. Our study does not demonstrate a relation- 
ship between total prednisolone dose and cataract 
formation if the dose is corrected for differences in 
body size. Moreover neither the mean total duration 
of treatment nor the mean daily dose of prednisolone 
was significantly greater in those with cataracts. 
T-eaement with prednisolone on alternate days for 
an average of half the total duration of treatment 
did sot prevent cataracts developing. 


These studies support the suggestion that the 
individual susceptibility of the patient is important 
in the pathogenesis of posterior subcapsular 
cataracts.!4 Wide variations in plasma prednisolone 
concentrations have been described in normal 
subjects taking the same oral dose. These different 
pharmacokinetics of prednisolone as well as 
variability of protein-binding of drugs in nephrotic 
patients may be important in the pathogenesis of 
posterior subcapsular cataracts. 

Many of the children in this study were no longer 
taking prednisolone treatment at the time of the 
ophthalmic examination and it was not possible 
in this retrospective study to detect the presence of 
other features of steroid toxicity. However, as the 
main indication for cyclophosphamide treatment 
was severe toxicity, the children treated with this 
drug were analysed separately to give some in- 
dication of the association of cataracts with other 
steroid side effects. This assumption is probably 
valid because the children treated with cyclo- 
phosphamide generally had a much larger total dose 
of prednisolone. However, steroid toxicity requiring 
cyclophosphamide treatment was not associated 
with a greater incidence of cataracts. 

In this study cataracts occurred after a wide 
range of steroid dosage and it was not possible to 
predict cases in which they were likely to develop. 
This was presumably because of variations in 
individual susceptibility. Slight lens opacities 
(Crews’s grades I and II) cause no significant 
decrease in visual acuity and can only be identified 
using the slit-lamp microscope. Grade III epacities 
cause slight reduction in vision and can be detected 
using a normal clinical ophthalmoscope. The pupil 
is dilated and the lens observed holding the ophthal- 
moscope one foot from the eye. By the method of 
retroillumination opacities can be seen as grey or 
black against a diffuse red reflex from the retina. 
We suggest paediatricians supervising long-term 
steroid treatment should test the visual acuity of 
patients every 6 months, and whenever a reduction 
is detected the lens should be examined in this way. 
If prednisolone therapy is closely monitored the 
treatment of children with steroid-sensitive neph- 
rotic syndrome should not be influenced by the 
concern of inducing permanent visual handicap. 


We thank the paediatricians in the Yorkshire region 
who referred many of the patients included in this 
study and Mrs Wendy Pearson and Mrs Angela 
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Stool output and composition in the chronic 
non-specific diarrhoea syndrome 


A JONAS AND A DIVER-HABER 


Paediatric Gastroenterology Unit, Chaim Sheba Medical Centre, Tel-Hashomer, Israel 


SUMMARY Stool output and composition were studied in 7 children with chronic, non-specific 
diarrhoea syndrome and the results were compared with those of children with malabsorption due 
to cystic fibrosis or to bacterial overgrowth syndrome, and with stools from controls. Daily 
quantities of stool, fat, and total bile acids were normal in patients with chronic, non-specific 
diarrhoea syndrome. Faecal sodium concentration was high compared with that of controls or 
patients with cystic fibrosis. The extractable water phase of stools was appreciably increased in 
patients with chronic, non-specific diarrhoea syndrome and contained 50% of the total stool bile 
acids: this was also the case in patients with bacterial overgrowth syndrome. It is suggested that a 
secretory state of the large-bowel due to mucosal exposure of large quantities of bile salts in the 
extractable water phase may be contributory to the diarrhoea of chronic, non-specific diarrhoea 


syndrome. 


The chronic non-specific diarrhoea syndrome 
(CNDS) is one common cause of prolonged diarrhoea 
in early childhood.!~* Several clinical features includ- 
ing the age at onset, the normal physical develop- 
ment, and a positive family history can indicate this 
conditicn, but the diagnosis is essentially a negative 
one, based on the exclusion of other conditions able 
to produce chronic diarrhoea. 

The cause of the syndrome is not clear. Abnormal 
intestinal motility, genetic predisposition,’ * low fat 
intake, and prostaglandin-mediated diarrhoea? ° 
have each been implicated. 

The main characteristic of CNDS is the frequency 
anc consistency of stools, but little is known about 
the quantity or composition of them. 

We have investigated the stool output in a group 
of children with CNDS and compared it with the 
output in age-matched controls and in children with 
various gastrointestinal diseases. Our aim was 
to establish the composition of stools particularly 
the water, electrolyte, and bile acid excretion and 
dis:ribution. 


Patients 


Twenty-four children were studied. 


Patients with CNDS (n = 7). Their ages ranged 
between 18 months and 12 years. Each had 3-8 
loose-to-watery bowel movements a day which had 
lasted from several weeks to 4 years’ duration. 


Abdominal pain was a troublesome feature in 5 of 
them. A family history of functional intestinal dis- 
turbances was obtained in all 24 of them. Physical 
growth and development were normal. Routine 
blood tests were normal. Stools did not show 
pathogenic bacteria or parasites. Orel lactose 
tolerance test, fat balance studies, small intestinal 
biopsies, upper gastrointestinal follow-through, and 
barium enema studies were all normal. 


Controls (n = 6). These were children aged between 
8 and 15 years, who had been referred for investiga- 
tion of abdominal pain or failure to thrive but in 
whom bowel movements were normal. 


Cystic fibrosis (n = 6). These were aged between 10 
months and 16 years; they had steatorrhoea and 
chronic respiratory disease, and sweat electrolyte 
tests had been positive. 


Bacterial overgrowth syndrome (n= 5). These 
patients were aged between 6 months and 4 years. 
They had been diagnosed by culture of the upper 
small-bowel fluid. Two children had an underlying 
immune deficiency disorder and 2 others had under- 
gone intestinal resection in the neonatal period. 


Methods 


Complete 72 hours’ dietary intake histories were 
obtained and analysed by the dietician using standard 
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methods. Special reference was made to the total 
caloric, fat, and fibre intake. 

Stool collections were performed in each patient 
Over a 72-hour period. Stool was collected free of 
urine. In small children this was achieved by using 
inverted polyethylene-lined disposable napkins and 
urine collectors. Stools were immediately frozen and 
stored at —20°C, 

Stool collections were thawed, weighed, and 
homogenised. Duplicate 2 g aliquots of homogenate 
were then centrifuged at 14 000 g for one hour at 
4°C in an international refrigerated centrifuge (IEC). 
The supernatant obtained was considered to be the 
extractable water phase of stool. Supernatants and 
pellets were weighed individually. Recovery of the 
initial 2-g aliquot ranged between 94-5 and 105%, 
Uncentrifuged homogenate samples, supernatants, 
and pellets from each stool collection were analysed. 
The concentration of sodium was measured by 
flame photometry after digestion with concentrated 
nitric acid (Analar). Total bile acids were extracted’ 
and determined enzymatically using 3-hydroxy 
steroid dehydrogenase.® The recovery of an internal 
standard ('C cholic acid, Sigma Chemical Co. St 
Louis, Mo.) ranged between 89-7 and 95%. The 
recovery rate of total bile acids in the extractable 
water phase plus pellet ranged between 84-8 and 
107% in the uncentrifuged corresponding homo- 
genate and did not differ in the various groups of 
patients studied. 


Quantitative stool fat excretion, measured gravi- 
metrically? in faecal homogenate, was compared 
with fat intake and the coefficient of fat absorption 
calculated using the formula: fat intake—fat output 
x 100/fat intake. 


Results 


Clinical data and stool output of patients are shown 
in Table 1. Although patients with CNDS had a 
greater number of loose, sometimes watery stools a 
day, the total daily quantity of stool per kg of body 
weight was comparable with that of conirols and 
was far smaller than for the patients with cystic 
fibrosis or bacterial overgrowth syndrome. Fat out- 
put and the coefficient of fat absorption of CNDS 
patients were similar to those of controls. Children 
with cystic fibrosis or bacterial overgrowth syndrome 
presented with severe steatorrhoea. Total faecal bile 
acids were slightly increased in CNDS patients but 
were not significantly different from controls. 
Patients with cystic fibrosis or bacterial Overgrowth 
had increased faecal bile acid losses. Stoo! sodium 
concentration was high in patients with CNDS and 
in conditions associated with bacterial Overgrowth. 

The composition of the extractable water phase is 
shown in Table 2. Stools of patients with CNDS had 
a high percentage of extractable water (28-7 + 
6-2%). This was exceeded only by the diarrhoeal 
stools of those with bacteria] Overgrowth syndrome 





Table 1 Clinical features and stool composition in the various groups of patients 
R 
Groups Age Faecaloutput Faecal fat Coefficient of Faecal bile acids Sodium 
( years) (g/kg per 24h) (g/24h) fat absorption (mmal//) 
(%) —— 
umol/kg per 24h mol/g 
homogenate 
Coitcheann ne R 
Controls (n = 6) 4-74 5-4 5-2 + 3-8 3-44 1-6 94-3 + 4-6 16-6 + 3-3 1-5 + 0-6 10-8 + 5-4 
CNDS (n = 7) 5-0 + 4-2 6-24 4.1 2-8+1-1 94-6 + 4-0 23-0 + 10-1 2-6+1-5 27-74 5.982 
Cystic fibrosis (n = 6) 7-44 5-8 9-9+4+3-5* 16-1 + 6-8*** 66.9 E 13-8*** 74.5 4 29.1488 3.9 +2-1* 17-74 6-6 
Bacterial overgrowth 
Syndrome (n = 5) 2-34+1-2 23:8 +17-1** 6.04 4.4 74-8 + 20-0 41-1 + 18-3*** 1.240.4 44.8 + 31-9%** 







Values are mean +SD. 
*P < 0-05, **p < 0-01, ***P < 0.001 compared with controls. 
CNDS = chronic non-specific diarrhoea syndrome. 









Table 2 Composition of extractable water Phase obtained by centrifugation of 2 g stool homogenate 
Groups Quantity Bile acids 
: a, 


umol/2 g homogenate 


ml/2 g homogenate v4 
Controls (n = 6) 0-24 +- 0-1 10. 
CNDS (n = 7) 0-54 + 0-1** 28. 
Cystic fibrosis (n = 6) 0-20 + 0-1 9. 
Bacterial overgrowth syndrome (n = 5) 1-0 +0.9* 40- 


Values are mean +SD. 
"P < 0-05, **p < 0-01, ***P < 0.001 compared with controls. 
CNDS = chronic non-specific diarrhoea syndrome, 
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(40-9 + 31-2%). Bile acid content of the extract- 
able water phase was high in CNDS (2-58 + 2-0 
umol) accounting for 50-0 + 17-5°% of the total bile 
acid in the respective stool homogenate. This unusual 
distribution of bile acid was an outstanding feature 
of the group of CNDS patients. A similar tendency 
was also observed in patients with bacteria! over- 
growth syndrome (28-6 + 9-5%) but to a lesser 
degree. Patients with cystic fibrosis had a much 
higher daily total faecal bile acid output (74-5 + 
29-1 umol/kg) and concentration (3-9 = mol/g 
faeces). Yet, the distribution between the solid and 
extractable water phase was similar to that of the 
controls. 

The correlation between the total daily stool out- 
put and the respective calculated quantity 6f 
extractable water within the various conditions is 
shown (Fig. 1). It is evident that the daily quantity 
of extractable water is not directly related to the 
total daily stool output. In controls the quantity of 
water present in the extractable water phase is low, 
the ratio of extractable water per total Caily stool 
being 0.19. This is also the case in patients with 
cystic fibrosis (ratio = 0.10). Patients with CNDS 
have a high ratio of 0.32 but the diarrhoea differs 
quantitatively from the secretory type associated 
with bacterial overgrowth in which both daily stool 
losses and amounts of extractable water are very 
high (ratio = 0.52). 
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phase) and total daily loss (amol/kg per 24h homogenate and extractable water) in the various groups of patients. 


Statistical comparison as for Fig. 1. 
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Table 3 Daily food intake in the various groups of 
patients 


Groups Calories Fat Fibre 
(kcal/kg per (g/kg per day) (g/kg per day) 
day) 

Controls (n = 6) 59.7 +102 2640-9 0-23 + 0-1 

CNDS (n = 7) 61-7 4+ 30-2 2-641-6 0-27 4+ 0.-1 

Cystic fibrosis 

(n = 6) 62:9+17-2 3-041-5 0-22 4+ 0-1 

Bacterial overgrowth 

syndrome (n = 5) 60-94 15-3 2-9+1-3 0-25 + 0-1 


CNDS = chronic non-specific diarrhoea syndrome. 


The bile acid concentration and daily outputs in 
stool homogenates and extractable water are com- 
pared in Fig. 2. It is evident that the bile acid con- 
centration of the extractable water in CNDS (1-26 + 
1-0 umol/ml) even exceeds conditions with faecal 
bile acid loss such as bacterial overgrowth syndrome 
(0-32 + 0-1 umol/ml) or cystic fibrosis (0-48 + 0-1 
umol/ml). The daily output of bile acid in extractable 
water of CNDS patients (11-7 + 7-1 mol/kg per 
day) is high and resembles cases associated with 
bacterial overgrowth syndrome (11-0 + 5-0 umol/kg 
per day). 

We tried to establish whether a direct correlation 
exists between the daily quantity of extractable water 
and its bile acid content. No such correlation was 
found in controls, or in patients with cystic fibrosis 
or CNDS. Only stools of patients with bacterial 
overgrowth syndrome showed a trend towards a 
positive correlation between the two variables 
(r = 0-79) but the numbers were too small to reach 
statistical significance. No significant correlation 
was found between bile acid concentration and stool 
output or sodium concentration in any of these 
conditions. 

The dietary intakes of patients were analysed and 
compared, special emphasis being given to fat and 
fibre intake. The food intake calculated per kg each 
day in the various groups of children is shown in 
Table 3. No significant differences were noted. 


Discussion 


The separation of stools into a solid pellet and water 
by centrifugation had been attempted previously in 
normal adults,!° in patients with ileal disease," and 
in children after operation for Hirschprung’s 
disease!? and the technique is well known. Our 
results in normal children regarding quantity and 
compartmentalisation of stool into pellet and 
extractable water are similar. 

We found that children with CNDS have normal 
daily quantities of stools but moderately increased 
electrolyte and bile acid concentration compared 
with controls. The most remarkable finding was the 


significantly increased quantity of extractable water 
which contained 50% of the total faecal bile acid 
output. 

Data on the physical state of bile acids in stools 
are taken from studies in adults.!°-!*? Under normal 
conditions, bile acids are strongly absorbed to solids. 
Norman found only 10-20% of bile acids present 
in the extractable water phase separated by centri- 
fugation.'® Patients with ileal disease and faecal bile 
acid loss were found to have appreciable amounts of 
bile acids in the supernatant!! !* ranging between 
0-7 and 18 mmol, whereas controls had no super- 
natant at all. 

Our study indicates that high concentrations and 
daily outputs of bile acid are not necessarily distri- 
buted in the extractable water phase nor are they 
associated with watery diarrhoea. This is best 
illustrated by the group of patients with cystic 
fibrosis. 

Increased faecal passage of water and electrolytes 
is often found in cases of malabsorption due to 
bacterial overgrowth.'* There is the production of 
known secretagogues such as bacterial toxins and 
metabolites of bile salts and fats. Associated in- 
creased aboral myoelectric activity probably en- 
hances the abnormal stool losses. 

Certain similarities between patients with bacterial 
overgrowth syndrome and CNDS were observed. 
Both groups had watery diarrhoea, high extractable 
water content, and comparable daily bile acid output 
present in the extractable water phase. However the 
total daily stool and bile acid loss in CNDS patients 
was only slightly raised and did not reach the levels 
present in patients with bacterial overgrowth 
syndrome. 

The causal relationship between the quantity and 
bile acid content of water phases in the individual 
patient remains unresolved. It seems that in patients 
with bacterial overgrowth syndrome or CNDS the 
colon is exposed to large quantities of bile salts 
present in a soluble form and therefore easily acces- 
sible to the mucosal surface. Bile acids are known 
inhibitors of sodium and water absorption in both 
the small- and large-intestine.!ë The lack of direct 
correlation between bile acid concentration and 
sodium and water loss indicates that perhaps a 
specific component of bile salts rather than the total 
bulk may be determinant. Previous studies have 
indicated that the total amount of chenodeoxy 
cholic acid entering the colon, irrespective of its 
physical state, is important in the diarrhoea of ileal 
dysfunction.!8 

A secretory epithelium of the distal small+bowel 
with increased sensitivity to bile acid perfusion has 
been reported in 6 adults with the irritable bowel 
syndrome,!* a condition considered the counterpart 
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of CNDS in children. This is further supported by 
increased levels of adenylate cyclase and (Na+K5) 
ATP-ase in children with toddler’s diarrhoea.’’ It 
seems therefore that the abnormal distribution of 
bile selts in the colonic content of patients with 
CNDS induces an abnormal handling of water and 
electrolyte by the mucosa of the large-bowel'® and 
consecuently in the production of loose watery stools. 
The ceuse for these alterations is not clear. Dietary 
fibres are known to have a profound effect on daily 
siool weight and transit time.'® The capacity of stools 
to hold water is also directly related to the quantity 
of tke unabsorbed fibre content.'? Assuming that a 
low dzily fibre intake is responsible for the alteration 
of stool composition in CNDS, we compared the 
dietary intake of these patients with that of controls 
and patients with gastrointestinal diseases, and 
found them equal. The digestibility of dietary fibres 
was mot determined and the possible influence of 
colonic bacterial metabolism on fibre breakdown 
was not considered.”” 

Further efforts will have to be directed towards a 
better understanding of altered bile salt excretion in 
patients with CNDS. 
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One-hour blood xylose in the diagnosis of cows’ 
milk protein-sensitive enteropathy 


N IYNGKARAN AND ZAINAL ABIDIN 


Department of Paediatrics, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia 


SUMMARY The l-hour xylose absorption test was evaluated as a method for the diagnosis cf cows’ 
milk protein-sensitive enteropathy in a prospective study of 48 infants with diarrhoea clinically 


xylose levels. Six infants had histological and enzymological relapse but clinically they tolerated 
cows’ milk. The post-provocation blood xylose level was depressed in all infants. Ten infamts had 
enzymological relapse without histological or clinica] relapse. The post-challenge blood xylose was 
depressed significantly (>20 %) in 3, mildly depressed in 3 (16-18%), and not depressed in four. 
Two infants clinically, histologically, and enzymologically tolerated cows’ milk; in each the post- 
challenge xylose was depressed (22°, 12%). It appears that the 1-hour blood xylose test is not as 
reliable as the jejunal biopsy in the diagnosis of cows’ milk protein-sensitive enteropathy. 


Although cows’ milk protein-sensitive enteropathy department between January 1976 and August 1979 
(CMPSE) is a common cause of protracted diarrhoea were studied. Investigations on admission included 
and of failure to thrive in infancy,!-? such diagnosis examination of the stools under light and electron 
is difficult to make because a simple and reliable microscope for Giardia lamblia, and virus and stool 
laboratory test is not available. The clinical criteria cultures for bacterial pathogens. 

of Goldman eż al..4 while basically sound, are After appropriate correction of fluid and electro- 
difficult to fulfil and many Clinicians accept a single lyte imbalance, the infants were started on a lactose 
positive challenge as diagnostic of CMPSE.5 and cows’ milk protein-free formula such es Pre- 
Recently we proposed combined clinical, histo- gestimil, Nutramigen, or Prosobee. If the infants 
logical, and enzymological criteria based onasingle did not tolerate the oral feeds or if ther were 
milk challenge. These criteria while objective and severely malnourished they were given parenteral 
reliable have the disadvantage of requiring jejunal nutrition. 


biopsy. FF All infants remained in hospital until their-stools 
Biopsy studies in a large series have shown that were normal. they were feeding well, and were 
cows’ milk protein can rapidly damage the small- gaining weight. They were then discharged and the 


bowel mucosa causing villous atrophy, enzyme mothers instructed not to offer any other food 
depletion, and impairment of absorption of mono- without consulting us beforehand. The infants were 
saccharides such as glucose.’ On the basis of these readmitted 6 to 8 weeks later for milk challenge 
Studies, we have evaluated the use of the 1-hour studies. 
blood xylose absorption test® administered before 
and 24 hours after milk Provocation in the diagnosis Milk challenge studies 
of CMPSE. 
The infants were challenged with a low lactose 
Material and methods cows’ milk protein formula, Lactolac V (Co- 
operatieve Condens Fabriek, Friesland, Hol and). 
Forty-eight infants with diarrhoea clinically sus- The challenge studies were carried out as described 
pected to be due to CMPSE admitted to this previously.” 
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A p-oximal jejunal biopsy was performed im- 
mediataly before and 20-24 hours after milk provo- 
catior. The biopsy specimen was divided into 2 
portions; one was fixed in gluteraldehyde for light 
and electron microscopical examination, the other 
was used for enzyme assay. The technical details of 
the biopsy procedure and the method of histological 
grading were as reported previously.” 

The I-hbour xylose absorption test was performed 
essentially as described by Rolles et al. The stan- 
dard dose of 5g was not used on all the children 
because it was found to cause osmotic diarrhoea. 
Instead xylose was administered at 0-4 g/kg as a 
5% solution. The xylose test was carried out 
immediately before and 20-24 hours after cows’ 
milk provocation, irrespective of whether symptoms 
were present. 


Results 
Evaluation at initial admission. 


Clinical 

The clinical profile of the infants was similar to 
that reported by us previously.” ® The 48 infants 
in the present study comprised 10 Malays, 23 
Chinese. 15 Indians. The mean age at admission was 
67 (3-390) days and at onset of diarrhoea was 23 
(2-88) days. The mean duration of diarrhoea was 
22 (1-60) days. 


Labcratory 

Stools were positive for Salmonella sp. in 3 infants, 
Shigella sp. in 2, Escherichia coli in 2, and Rotavirus 
in 2. 


Evaluation at readmission. All 48 infants were 
clinizally well and showed satisfactory weight gain. 


Response to milk challenge 

After milk provocation the infants could be cate- 
gorised into 4 groups according to their clinical, 
histological, and enzymological responses to cows’ 
milk protein. 


Group 4. Thirty infants had histological, enzymo- 
logical, and clinical relapse (diarrhoea and vomiting 
with er without fever, rash, lethargy, and respiratory 
symptoms). These symptoms appeared within 24 
hours in 28 and within 3 and 14 days in the remaining 
two. 


Group B. Six infants had histological and enzymo- 
logical relapse although clinically they tolerated 
cows milk. 


Greup C. Ten infants had enzymological relapse 
without histological or clinical relapse. 


hour blood xylose levels before and after cows’ milk provocation in 48 infants 


Mucosal oligosaccharidase and l- 
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Table 2 Response of 48 infants to cows’ milk 
provocation in relation to mucosal oligosaccharidase 


and I-hour blood xylose levels 
Group Decrease after Lactose Sucrase Maltase Xylose 
milk provocation 
(%) 
A 
(n = 30) <10 i — — —- 2 
. 10-20 3 — i — 
>29 27 30 29 28 
B 
(n = 6) <i0 z= >a ay sa 
10-20 — 1 —- = 
>20 6 5 6 6 
C 
(n = 10 <10 H 2 = 4 
a 10-20 i 5 2 2 3 
>20 4 6 8 3 


Group D. Two infants who clinically, histologically, 
and enzymologically tolerated cows’ milk were used 
as controls. 


One-hour xylose absorption test. 


Group A 

In 28 of these 30 infants the post-challenge blood 
xylose levels were significantly depressed compared 
with the pre-challenge values. In the remaining 2 
infants there was no decrease. In addition, 10 of the 
28 infants had among them a total of 27 repeat milk 
challenges done on separate occasions, all of which 
were associated with clinical relapse and reduction in 
the post-challenge blood xylose levels. Of the 2 
infants who did not have any change in the post- 
challenge xylose level one was available for repeat 
milk challenge on 2 separate occasions, and on each 
occasion there was clinical relapse with reduction in 
the post-provocation xylose levels. 


Group B 
In all 6 infants in this group, the post-challenge 
xylose level was significantly depressed. 


Group C 

The post-challenge xylose levels were significantly 
depressed in 3 (>20%), mildly depressed in 3 
(16-18 %), and not depressed in four. 


Group D 
The post-chalienge xylose levels were depressed in 
both (22% and 12%). 

The results of response of the infants to cows’ 
milk provocation in relation to mucosal oligo- 
saccharidase and i-hour blood xylose levels are 
summarised in Tables 1 and 2. 


Discussion 


The diagnosis of CMPSE is difficult to make because 
of the lack of a simple and reliable laboratory test. 
The combined clinical, histological, and enzymo- 
logical criteria of Iyngkaran and Abidin et alô is 
valuable in research but in routine clinical practice 
its wide use is time-consuming and may be precluded 
by the lack of biopsy facilities. Moreover jejunal 
biopsy though generally a safe procedure is poten- 
tially hazardous and causes discomfort to the infant 
and concern for the parents. 

Since the report of Rolles et al. the 1-hour blood 
xylose level has been used to diagnose small-bowel 
mucosal disease of diverse aetiology and reports 
have been conflicting. Morin et al’? recently 
reported that the l-hour xylose test was reliable 
in the diagnosis of CMPSE. Our findings do not 


accord with those of Morin et al. in that the high 


degree of correlation between the blood xylose levels 
and mucosal lesion reported by them was not evident 
in our study. Two infants with oovious clinical 
histological and enzymological relapse did not have 
any reduction in post-challenge xylose levels, 
although 1 of the 2 infants at subsequent-challenges 
was noted to have reduced levels. Only 6 of 10 
infants in group C with enzymological relapse had 
associated depressed post-challenge blood xylose 
levels. An unexpected finding was the reduced 
xylose levels in the 2 infants in group D who 
clinically, histologically, and enzymologically toler- 
ated cows’ milk, and who constituted the ccntrol 
group. 

It was also observed that many of the young 
infants receiving the standard Sg xylose load 
developed osmotic diarrhoea, and it is difficult to 
know if such diarrhoea is due to relapse in response 
to the milk provocation or to the osmotic influence 
of the xylose load. In a separate study, an attempt 
was made to determine the optimal xylose dose (at 
which diarrhoea did not occur but the percentage 
change between the pre- and post-provocation 
levels was sufficiently wide to make the test sensitive). 
Despite the frequent occurrence of diarrhoea. we 
had ito settle for a dose of 0-4g/kg, in order to 
maintain the test at a reasonable level of sensitivity. 

The present study shows that serial biopsies stil! 
remain the most reliable approach to diagnosis of 
CMPSE. For research purposes, where diagnostic 
precision is essential, the biopsy criteria should be 
adopted as the standard approach to diagnosis. We 
also recommend it to clinicians with, biopsy facilities 
at their disposal. Although the 1-hour blood xylose 
absorption test may. give false-positive and false- 


_ negative results, within the limits ofits reliability, it 


provides the clinician without biopsy facilities a 
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simple. objective approach to the diagnosis of 
CMPSE. Perhaps its real value may be for infants 
who develop equivocal symptoms such as occasional 
vomiting, mild fever, irritability, and reluctance to 
take cows’ milk, in whom, for some reason, biopsies 
cannot be performed. Although the xylose result in 
an individual patient is difficult to interpret it can 
be used as a screening test for detection of food 
proteia intolerance in paediatric populations. 


We thank Sister Tang and her nursing staff for en- 
thusiastic co-operation and Mr Ramachandran, 
Matthew Philipose, and Thomas Peter for technical 
assistance. 
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Enteropathy related to fish, rice, and chicken 
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SUMMARY (Gastrointestinal symptoms in relation to the ingestion of proteins are common but 
only in the case of sensitisation to cows’ milk protein, soy, or gluten have alterations in the function 
and structure of the small-intestine been reported. We describe 3 children with cows’ milk protein 
intolerance and associated enteropathy related to fish, rice, and chicken, respectively. Repeated 
intestinal biopsies before and after an acute challenge with the specific food showed changes in 
the histological appearance of the intestinal mucosa identical with those observed after the acute 
administration of cows’ milk. These findings support the conclusion that cows’ milk-protein 
intolerance is not an isolated entity; it represents the first part of a broader intolerance of various 
dietary proteins. 


Intestinal sensitisation to cows’ milk and soy protein clinical improvement after she had been fed on 
is a well-known characteristic either as an isolated'~® Pregestimil or Nutramigen: the diarrhoea stopped 
or an associated entity.6°-" The best method of and she began to gain weight. She was discharged at 
establishing the diagnosis is to study the changes in age 5 months taking a low lactose-casein hydrolysate 
the histological appearance of the intestinal mucosa formula and stayed asymptomatic until her mother 
a few hours after an acute challenge.? 12-14 [ntoler- began to give solid foods. Vomiting and diarrhoea 
ance of other dietary proteins (egg, fish, etc.) has occurred each time fish was introduced into the diet. 
been reported, 13 but only in cases of sensitisation A diet which excluded both cows’ milk and fish was 
to proteins of cows’ milk. soy, Or gluten have maintained until she was 26 months old. On this 
alterations in function and Structure of the small- diet she was well, and growth and development had 
intestine been documented.!6 We have reported become normal by age 18 months. At 26 months 
changes in the appearance of the intestinal mucosa cows’ milk was reintroduced into the diet without 
after administration of chicken,!* and the findings clinical or histological relapse. However at 28 
in that child (Case 3) and in 2 other patients months fish is stil] excluded from the diet as every 
intolerant of fish and rice are the basis of the present attempt to give fish is soon followed by signs of 
report. The intolerance of these dietary proteins was intolerance. 

associated with cows’ milk protein intolerance in 


each case. Case 2. A 6-month-old girl was referred to the 
hospital because of chronic diarrhoea and secondary 
Case reports malnutrition since the third week of life that had 


proved to be resistant to many types of treatment 
Case 1. A 4-month-old girl was referred to the including the administration of different kinds of 
hospital because of vomiting and diarrhoea since cows’ milk formula. A solution of ground rice in 
the fourth day of life which did not diminish with water was used as hydrating oral fluid in the early 
the usual therapeutic measures. Family and neo- phase of the diarrhoea. It was later noted that 
natal histories were unremarkable. Birthweight diarrhoea reappeared each time she was fed a 
had been 3150 g. She had been fed a cows’ milk mixture containing ground rice. chicken, and corn 


formula since birth. oil. Family and neonatal histories did not help. 
At admission the child appeared greatly mal- Birthweight had been 2870 g. 
nourished (weight 3440 g, length 55 cm). Peroral At admission, weight was 4835 g and length 58 cm. 


intestinal biopsy showed the presence of subtotal Jejunal biopsy showed the presence of severe partial 
villous atrophy. No glycaemic response was obtained atrophy of the intestinal mucosa. Initially she was 
after an oral load of lactose. There was a pronounced fed Nutramigen with excellent clinical tolerance. 
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Intrcduetion of chicken into the diet was followed 2 
hours later by vomiting and diarrhoea. Sensitisation 
to various dietary proteins was suspected and oral 
provocation tests with cows’ milk and ground rice 
were performed. An oral challenge with chicken 
was not repeated because of the clinical symptoms 
which fellowed the administration of this food. 

Until aged 19 months the patient was fed a varied 
diet but one that excluded cows’ milk, rice, and 
chicken. She was well and had normal growth and 
development by that age. Chicken, cows’ milk, and 
rice were tolerated at 19, 24, and 30 months of age, 
respectively. At these ages the oral challenge with 
each food was not followed by the histological 
abnormalities of the small-intestine that had 
previously been observed. 


Case 3. A 39-day-old boy was admitted to the 
hospita! because of diarrhoea that had lasted 9 days. 
Family and neonatal histories were unremarkable. 
Birt weight had been 3940 g. He had been fed a 
cows’ milk formula since birth. 

Physical examination at admission showed an 
acutely ill child, with severe dehydration. Weight 
was 3780 g, length 55 cm. After appropriate hydra- 
tion he was fed an adapted formula but because of 
recurrent diarrhoea Nutramigen was given with 
good results. The addition of triturated chicken 
was followed on each occasion by a fresh onset of 
diarrhoea. The exclusion of both cows’ milk and 
chicken from the diet gave an excellent clinical 
response, with normal growth and development by 
age 18 months. Cows’ milk was tolerated clinically 
at 14 months, but at 25 months he was still clinically 
intcleramt of small amounts of chicken. We have 
been unable to follow up the patient so we do not 
know if he became tolerant to chicken subsequently. 


Methods 


Preliminary data. In each case the presence of 
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mucoviscidosis, giardiasis, and immunodeficiency 
has been excluded. 


Cows’ milk provocation test. This was performed in 
the 3 patients at ages 17, 11, and 8 months respec- 
tively, after a variable period of cows’ milk-free 
diet (Table). In each case an adapted formula con- 
taining 7 g/100 ml lactose and 1-7 g/100 mi protein 
was used. A single feed of 5 ml/kg wes given. 
Intestinal biopsies were performed before, and 18 
to 23 hours after the challenge. Stool pH and re- 
ducing substances were studied also. In each case 
lactose intolerance had been excluded. 


Provocation test with other dietary proteins. A 
provocation test was performed in Case | at age 13 
months with 5 g of fish, in Case 2 at age 1€ months 
with 10 g of ground rice, and in Case 3 at age 4 
months with 5 g of chicken. These foods had been 
excluded from the diet during a variable period of 
time (Table). Fish and chicken were mixed with 
Nutramigen, whereas the rice was diluted with 
water. Intestinal biopsies were performed before the 
challenge and 18 to 23 hours after it. The changes of 
stool pH and the presence of sugar and reducing 


substances in the faeces were monitored during the 
test. 


Jejunal biopsy. The proximal jejunal biopsy specimen 
was taken with the Crosby paediatric capsule near 
the Treitz angle. The severity of mucosal damage was 
scored according to the following criteria. 


Villous/crypt height ratio 

A ratio of 3: 1 or more was accepted as normal and 
scored nil. A ratio of 2: 1 scored 1 point; 1: 1 scored 
2 points; and a reversed ratio scored 3 pomts. 


Height of villous epithelial cells in comparison with 
crypt cells 

If villous cells were taller than crypt cells a score of 
0 was given, if they were of equal size it was scored 
as 1, and if the ratio was reversed it was scored as 2. 


Table Clinical and pathological data in relation to provocation with cows’ and other dietary proteins 








Time between 
provocation 
and relapse 
(hours) 


Nature of clinical relapse 





Case Type of No of days on Jejunal biopsy 

protein cows’ milk- — 

free diet Before After 
challenge challenge 

1 Cows’ milk 280 N (1) (6-5) — 

Fish 220 N (1) ++ (6-5) 2 
2 Cows’ milk 155 N (1-5) H+ (6-5) 

Rice 336 N (1) (6-5) 6 
3 Cows’ milk 225 +(2-5) + + +(8) 2 

Chicken 100 + (3) + ++(7-5) 2 


No symptoms 

Vomiting, bloody diarrhoea, lethargy, fever (38°C) 

No symptoms 

Vomiting, diarrhoea 

Vomiting, severe diarrhoea, lethargy, cyanosis, fever 
(38°C). Faeces: pH 5-5. Presence of blood and reducing 
substances 

Vomiting, severe diarrhoea, lethargy, cyanosis, fever 
(38°C). Faeces: pH 5-5. Presence of blood and reducing 
substances. Presence of sugar in the stool 


eS —————————— 
Villeus atrophy: none (N), mild (+), moderate (+ +), severe (+ + +). 


Tetal scores are shown in brackets. 
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Cellular infiltration of the lamina propia 

It was scored as O if the infiltration was normal, 
and as 1, 2, or 3 if the infiltrates appeared to be mild, 
moderate, or severe. A final score was obtained using 
these criteria, and the biopsies could be classified as 
normal (score < 2), mild partial atrophy (2-4), 
moderate partial atrophy (4-7), or severe partial 
atrophy (>7). 


Results 


The clinical response to the acute administration of 
the suspected offending food is shown in the Table. 
In Cases 1 and 2, despite earlier clinical evidence of 
cows’ milk intolerance, there were no symptoms 
after the provocation with cows’ milk, but in Case 3 
profuse diarrhoea and vomiting took place. The 
administration of fish to Case l, of rice to Case 2, 
and of chicken to Case 3 was followed by vomiting 
and diarrhoea, especially in Cases 1 and 3 who 
presented an impending state of shock. In Case 3 
the presence of reducing substances and Sugar was 
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demonstrated in the stool after the administration of 
cows’ milk and chicken. 

The changes observed in the histological appear- 
ance of the jejunal mucosa are scored in the Table 
and shown in the Figure. These changes were very 
similar, irrespective of the offending food, and the 
changes after challenge with cows’ milk were no 
different from those after other proteins. 


Discussion 


Although the diagnosis of dietary protein intolerance 
can generally be established on clinical grounds, this 
report shows that such clinical diagnosis can be 
confirmed by intestinal biopsy, as has been demon- 
strated previously in cases of intolerance of cows’ 
milk, gluten, or soy protein.!® In the 3 patients the 
histological appearance of the intestinal mucosa 
changed from initially normal or mild villous atrophy 
to severe villous atrophy after acute provocation 
with the particular food. Histological changes and 
clinical symptoms were identical with those observed 








Figure Histology of jejunal mucosa in Case | before and after challenge with fish, and in Case 2 before and after 
challenge with ground rice. In each case moderate partial villous atrophy resulted. H and E x 85. 


after am acute milk challenge in cases of intolerance 
of cows milk.!? The clinical picture was much more 
severe than after provocation with cows’ milk (such 
symptems may be mild or absent, as in Cases 1 and 
2). 8 Severe symptoms have also been noted after 
provocation with soy in cases of soy-protein intoler- 
ance 1 ™ and the possibility exists that, as occurs 
with this type of intolerance,’ !'! delayed symptoms 
of prolonged diarrhoea and malnutrition may also 
occur in these specific intolerances. 


The presence of sugar malabsorption in Case 3 is 
interesting since a similar finding is known to exist 
in eases of cows’ milk or soy intolerance,!*~?" which 
cause identical abnormalities in the intestinal 
mucosa. In Case 2 there was clinical evidence of 
into~rance of chicken and, although data on the 
bicpsy findings after provocation with chicken were 
no: available, we believe that that girl was simul- 
tareously intolerant of cows’ milk, rice, and chicken. 


The clinical picture was similar in all three 
patients; protracted diarrhoea had been present 
since the first month of life while a cows’ milk formula 
was being fed. In Case 2 the earlier administration 
of g-ound rice solution may have induced sensitisa- 
tion In Case 3 there was an asymptomatic interval 
of 2 weeks after the start of chicken administration, 
a period when sensitisation could take place. In 
Cese | there was no evidence of earlier administra- 
ticn of fish, but this lack of a symptom-free interval 
has also been observed in cases of soy intolerance.” 


Tne findings are important, since in cases of cows’ 
milk intolerance foods containing rice and chicken 
are often substituted for milk. Such foods may be 
harmful if the presence of an associated intolerance 
is not recognised. Furthermore the use of a solution 
of creund rice in water as oral hydrating fluid in 
children with acute gastroenteritis may initiate 
sensitisation to rice proteins which is only revealed 
later when rice is introduced into the diet. We 
believe that cows’ milk protein intolerance is not 
ar isolated entity; it represents a first part of a 
broader picture of intolerance of various proteins 
because of the damage it produces in the intestinal 
mueosa.®* Treatment in the acute phase of cows’ 
milk protein intolerance should never include the 
aCmainistration of potentially antigenic foods; it 
should be limited to the use of casein-hydrolysate 
or synthetic formulae. 


The natural history of these combined intolerances 
vares. In Case 2 the sensitisation to all three types 
of proteins was brief but in the other two children 
the imtolerance of either fish or chicken lasted for 
longer than 2 years, although cows’ milk was able 
tc be mtroduced earlier. Dietary protein intolerance 
is transient and should be clearly differentiated from 
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coeliac disease which presents a life-long intolerance 
of gluten.® 

The cases we report support the conclusion that 
cows’ milk protein intolerance is not a specific 
entity but is part of a broader picture of intolerance 
of various dietary proteins. Repeated intestinal 
biopsies before and after an acute challenge with 
each protein showed histological changes identical 
with those described after administration of cows’ 
milk. 
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Tctal colonoscopy in children 


C B WILLIAMS, N J LAAGE, C A CAMPBELL, J R DOUGLAS, J A WALKER-SMITH, 
I W BOOTH, AND J T HARRIES 


Endescopy Unit, St Mark’s Hospital, Gastroenterology Department, St Bartholomew’s Hospital, and 
Gast-oenterology Department, The Hospital for Sick C hildren, London 


SUMMARY One hundred and twenty-three total colonoscopies were performed on 115 children with 
ages ranging from 3 months to 16 years. The major indications were suspected inflammatory bowel 
disease and unexplained rectal bleeding. Ninety-seven per cent of all procedures were carried out with 
sedation only. Adult colonoscopes were used in most of the patients but in babies and small children 
paediatric instruments were preferable. Total colonoscopy was possible in all patients with a patent 
colcn. The terminal ileum was examined in 63 patients. Endoscopic snare polypectomy was success- 
fully carried out in 8 children and multiple haemangiomas were electrocoagulated in one. Total 
colcnoscopy in this paediatric series proved to be at least as easy, rapid, well-tolerated, and safe as in 
adu ts. In selected patients a single colonoscopy can give an accurate diagnosis with biopsy proof and 
sometimes the opportunity for definitive treatment. 


There iS now extensive literature on the techniques 
and clinical value of fibreoptic colonoscopy in 
aduts'~8 but little experience of its use in children.?-* 
Most paediatric reports refer to limited examinations 
and stress the technical difficulty of the procedure. 

Other methods of colonic investigation in child- 
hcoi are not without problems. A high-quality 
deule contrast enema is an uncomfortable 
procedure and, because of this, poor quality or 
singe-contrast films are often obtained in paediatric 
practice; adult studies show such films to be much 
less accurate than endoscopy.”? ** 

Im many paediatric centres conventional procto- 
sigmoidoscopy is performed under general 
anaesthesia, with its inherent risks. Colonoscopy 
uneer sedation allows accurate examination of the 
wrele colon, with the ability to perform therapeutic 
prozedures—such as snare polypectomy or electro- 
coazulation of bleeding lesions—and_ multiple 
biovsies for diagnostic purposes. 

Cur experience of 123 consecutive colonoscopies 
in children is reviewed; in each child total colono- 
sco vy was felt to be indicated. Clearly, if colonoscopy 
is to be a useful alternative to barium enema, the 
diasnostic specificity and technical ability to examine 
the whole colon is important. Furthermore, the 
procedure must be safe, reasonably quick, and 
wel-tolerated by the patient. We therefore detail 
practical aspects of our examinations. 


Patients and methods 


The series comprises 123 fibreoptic colonescopies on 
115 children performed by a single experienced 
endoscopist between 1973 and 1980, as part of a total 
series of at least 5000 adult examinations. The 
paediatric examinations were performed mainly at 
St Bartholomew’s Hospital (58 examinations) and at 
The Hospital for Sick Children, Great Ormond 
Street (55 examinations). For administrative reasons, 
most were performed on an inpatient basis. The age 
at colonoscopy of the 64 boys and 51 girls ranged 
from 3 months to 16 years (Figure). Patients were 
chosen for colonoscopic examination by two of us 
(JAW-S and JTH) for the reasons given below or 
because of possible abnormality on bariuna enema, 
previously performed in the majority of cases. 


Bowel preparation. All children were p.aced on a 
clear fluid diet (including fruit jelly, water-ice) from 
midday on the day preceding the examination. Most 
were given senna syrup (Senokot X-prep) during the 
afternoon of the day before the procedure in a 
single dose varying from 20 ml in babies, 30-50 ml 
in 3- to 8-year-old children (according 10 size), to 
60 ml or more in older children, many of whom had 
the full adult dose of 80 ml. The aperient was 
acceptable to all patients and generally resulted in 
several bowel actions 1-6 hours after administration. 
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Colonoscopies 





Age (years ) 


Figure Age distribution of 123 total colonoscopies. 


Any child who had no response to senna was given a 
phosphate enema on the evening preceding colono- 
scopy in a volume as specified below. One hour 
before colonoscopy a cleansing enema was admini- 
stered. In most cases a hypertonic phosphate enema 
was used (Fletchers); half an enema was found 
sufficient for an average l-year-old child, an entire 
enema for children over age 2 years, and often two 
enemas for older children. In a few cases an 
additional large volume tapwater or isotonic saline 
enema was necessary. Castor oil or magnesium 
sulphate was given in a few cases but the pleasant 
taste of senna was considered an advantage. Cold 
mannitol solution (500 ml of 10%, solution) was 
drunk by 5 older patients and was well tolerated. 
Intubational techniques were not used. 


Sedation. One hundred and nineteen (97%) colono- 
scopies were performed with sedation only. An 
experienced paediatrician and paediatric nurse were 
responsible for the administration of medication and 
supervision of the patient. 

Chlorpromazine (1-5 mg/kg) was generally given 
as intramuscular premedication one hour before the 
procedure. A ‘butterfly’ intravenous needle was then 
used in the endoscopy room for slow administration 
of a combination of diazepam 2-5-10 mg and 
pethidine 10-50 mg titrated until the child was nearly 
asleep. In children over age 8 years the normal adult 
dose of diazepam (10 mg) and pethidine (50 mg) was 
generally necessary. If the examination was 
particularly difficult or prolonged further ‘top-up’ 
doses were given, pethidine being used preferentially 
because of the ability to reverse its action with 
intravenous naloxone (Narcan). In 2 children 


naloxone had to be administered because of 
respiratory depression, and in some others naloxone 
Was given at the end of the examination for exeessive 
drowsiness, 


Instrumentation and technique. Several diferent 
instruments were used—such as the Olympus 
CFLB3 and CFLB3R, ACMI TX91. and Fujinon 
FCQBF adult colonoscopes, small-diameter proto- 
type paediatric colonoscopes, and Olympus GIFP2 
paediatric gastroscopes. 

Adult instruments were introduced after digital 
examination but the lubricated small-diameter 
instruments could be slipped in easily without a 
finger. Examinations were generally performed in the 
left lateral position, except for some small babies 
examined supine. No particular modification of 
colonoscopic technique was needed in children apart 
from delicate handling so as to pass straight through 
the sigmoid colon. avoiding loop formation in the 
fairly redundant and elastic colon. With careful 
technique the splenic flexure could be reached with 
only 25-30 cm of instrument in small children, the 
rest of the colonoscopy usually being rapid and 
easy. Manual compression of the lower abdomen 
sometimes helped to prevent loop formation and an 
internal stiffening wire was used in a few cases early 
in the series. Fluoroscopy was used in only 8% of 
cases. It rarely influenced the technique of insertion 
but demonstrated in some patients unusually free 
colonic attachments resulting in the formation of 
awkward loops. 


Results 


The endoscopist recorded the results of bowel 
preparation as being ‘perfectly clean’ (80%), 
‘acceptably clean’ (13°) with small amounts of 
aspirated residue, or ‘poor’ (7%) with solid 
residue compromising the procedure. 

Premedication proved to be important and 
resulted in a completely relaxed or drowsy child on 
arrival at the endoscopy room. Most patients 
required additional sedation before the procedure. 
The combination of the sedative or amnesic effects of 
diazepam with the analgesic effect of pethidine using 
the intravenous route, for a duration of effect of 
10-20 minutes, proved to be ideal for colonoscopy. 

The adult colonoscopes proved satisfactory in use 
for most of the patients, but were more uncom- 
fortable for anal insertion than the paediatric 
instruments especially in babies and small children. 
The paediatric gastroscope was too rigid to pass 
easily if loops occurred and its acute and mainly 
upward tip-angling was inconvenient. The very 


flexible prototype paediatric colonoscopes were 
suitabe for most children except for those of adult 
size, ir whom there could be excessive loops resulting 
in a more difficult total colonoscopy. The childhood 
colon is very elastic making it important to avoid 
formacion of loops, which can be alarmingly large, 
but is also easily shortened because of the fairly 
mokil= fexures. As a result the caecum can often 
be reaclied at only 50-60 cm. Total colonoscopy was 
possitle in 118 (96%) of the 123 examinations, the 
failures being due to strictures (in 3 patients), and 
to poor bowel preparation in 2 patients (in whom 
re-examination was successful). Total colonoscopy 
was therefore performed in all patients with a 
paten colon. The time for the whole procedure was 
often under 15 minutes and rarely over half an hour. 
Thirt~-:wo per cent of procedures were judged to be 
techn cally ‘easy’ and 48% ‘ordinary’, compared 
with .6°% which were technically ‘difficult’ and 4% 
failures. 

Th- terminal ileum was examined in 63 cases. 
The majority of the patients were known to have or 
were suspected to have inflammatory bowel disease. 
In a few patients stenosis of the ileocaecal valve 
made entry impossible, in which cases ileal biopsies 
were taken from the inner aspect of the valve or 
blindly with the forceps passed through the stenotic 
valve 


Clinical indications and yield. The indications for 
exairimation and the colonoscopic diagnosis are set 
out in the Table. The patients were highly selected 
and often referred from other hospitals not having 
colomescopic facilities. 

IndJammatory bowel disease known or suspected 
was the major indication, with a diagnosis being 
mad- and confirmed by histology in 76 (96%) of the 


Table Paediatric colonoscopy: indications and 
encdo-capic diagnosis of 115 patients 


Cliriafproblem Colonoscopic diagnosis 





Ulcerative colitis 25 

Crohn’s disease 21 
Indeterminate 

inflammatory 

bowel disease 4 

Colitis ?aetiology 3 

Normal 26 

5 

3 

| 


Inffacamatory 
bowe! disease 79 


Rectal Bleeding 26 Polyp 
Haemangioma 
Ulcerative colitis 
Indeterminate 
inflammatory 
bowel disease 
Normal 
Polyposis coli 
Peutz-Jeghers 
Normal 
Polyp 
Normal 


UJ u = NOD 


Połyposis 4 


Po yp on barium enema 3 
Pan 3 


Total colonoscopy in children 51 


79 children (ulcerative colitis 32%, Crohn’s disease 
26%, indeterminate inflammatory bowel disease 
59%. normal 33%). The other 3 patients had acute 
colitis with the aetiology not established. One child 
having normal colonoscopy and histology was 
shown to have Crohn’s disease on re-exam_nation 3 
months later. 

Rectal bleeding (macroscopic 21 and occult 5) was 
the next important indication with the cause of blood 
loss established in 38 % of the 26 children examined. 

Abdominal pain alone, without clinical or other 
features on special investigation to raise a suspicion 
of inflammatory bowel disease, was an unrewarding 
indication since no abnormality was found in any 
patient. 


Therapeutic colonoscopy. Snare polypectemy was 
performed in 8 patients (13 polyps, of which 5 were 
at least 2 cm in diameter).”? The polypecitomies in 
our series were considered technically easy for an 
endoscopist with experience of more than 1000 adult 
polypectomies, since the majority of the pelyps were 
juvenile with characteristically thin stalks. 

A 2-year-old child with rectal bleeding had 3 
juvenile polyps ranging from 1 to 3 cm in diameter 
and located in the transverse colon. Colonoscopy 
was performed as the initial and only procedure, 
diagnostic and therapeutic, and lasted less than 
30 minutes. 

Another 2-year old child had a single 3 cm polyp 
in the proximal sigmoid colon. The polyp was seen 
to be on a thick stalk, making snare po_ypectomy 
an appreciable risk. The stalk was therefore only 
grasped with the snare loop at colonoscopy and the 
child transferred to the operating theatre. Under 
a 10-minute general anaesthesia the polyp was 
intussuscepted to the anus for local excision and 
suture ligation of the pedicle. 

In a child with the blue-rubber-bleb naevus syn- 
drome who presented with rectal bleeding, 34 
haemangiomas throughout the colon were electro- 
coagulated using the ‘hot-biopsy’ forceps”° for current 
application. 


Complications. No complication occurred in the 
entire series of diagnostic colonoscopies after more 
than 500 diagnostic forceps biopsies in the colon 
and ileum, nor was there any complication after any 
therapeutic procedure. 


Discussion 


In our experience paediatric total colonoscopy 
proved, contrary to expectation, to te a well- 
tolerated, reasonably quick, and safe procedure. 
Each child’s colon was different and celonoscopy 
was difficult in 16°% of them; this led us to examine 
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whether a more limited examination would have been 
clinically sufficient. 

Analysis of our series shows that, although a 
diagnosis could have been made in 74% of patients 
with limited colonoscopy (reaching to the splenic 
flexure), only 12 of 21 Crohn’s patients would have 
been diagnosed (6 of our cases had only Crohn’s 
ileitis), and 5 of 11 children with polyps would have 
remained undiagnosed. The true extent of inflam- 
matory bowel disease would have been under- 
estimated in most cases and the diagnosis of 
‘normality’ would have been less certain in the 46 
children in whom no abnormality was found on total 
colonoscopy. 

Limited examinations. using small diameter and 
very flexible paediatric instruments are none the less 
easy to perform, require Only limited bowel pre- 
paration with a disposable enema, and are virtually 
painless. We therefore envisage many paediatric 
gastroenterologists acquiring the skills to perform 
fibresigmoidoscopy in children as Outpatients or at 
the bedside. Even if the instrument is inserted only 
15-20 cm the diagnosis of ulcerative colitis can be 
made in all cases and of Crohn’s colitis in many. 
Often the response of inflammatory bowel disease 
to therapy can also be followed. 

Total colonoscopy will prove easy in a percentage 
of cases (one-third in our experience) but if the goal 
is clearly total colonoscopy or ileal biopsy, it may be 
thought preferable to arrange for an experienced adult 
colonoscopist to assist or perform the procedure: 
we know of only one paediatric gastroenter- 
ologist (S Cadranel, 1981, personal communica- 
tion) with a fairly large experience of colonoscopies 
in children (about 300 cases). The basic technical 
Skills of fibresigmoidoscopy or colonoscopy are best 
learned initially from an experienced adult endo- 
Scopist and probably on adult patients, so that the 
principles are assimilated and the more traumatic 
learning-phase passed before starting examinations 
on children. 

Review of reports on children?-22 showed no colon 
perforations in 254 diagnostic colonoscopies, but 
4 (5%) perforations after 8] polypectomies with one 
perforation delayed, occurring 48 hours after the 
procedure. The thin childhood colon is presumably 
more easily heat-damaged, since perforation is an 
exceptionally rare complication of adult poly- 
pectomy.?™—?9 It is therefore recommended that the 
therapeutic modalities of colonoscopy should. at 
least for the present time, be referred to the 
experienced adult colonoscopist. Our successful 
results in colonoscopic polypectomy* 3! and electro- 
coagulation suggest that surgery should not be 
undertaken in such patients without first considering 
or attempting therapeutic colonoscopy. 


Although we do not foresee total colonoscopy as a 
routine investigation in children, our results suggest 
that in certain categories of patients—such as 
those with rectal bleeding and Suspected inflam- 
matory bowel disease—it can be particularly 
rewarding. Perhaps colonoscopy should be 
considered a first-line procedure in such patients, 
since it is easy to establish or exclude bleeding 
pathology with the colour encoscopic view. In most 
of our patients with Crohn’s colitis, the characteristic 
aphthoid ulcers were superficial and would have been 
radiologically unimpressive, but showed endo- 
scopically obvious colour changes or friability. 
Colonoscopic biopsies, although small. proved 
adequate for diagnosis in nearly 90% of patients 
with inflammatory bowel disease. Diagnostic 
granulomata were seen in 25% of the Crohn’s 
patients, a higher percentage than in our adult 
experience, possibly reflecting the earlier Stage of the 
disease in children. 

We conclude from our experience that colonescopy 
is a practicable and rewarding procedure, likely 
to make a major contribution to paediatric 
gastroenterology. 
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Surveillance of Reye’s syndrome 


Much information about the epidemiology of Reye’s 
syndrome in the USA has been gathered by the 
Centerfor Disease Control in Atlanta, but knowledge 
and understanding of the determining factors for 
this rare but serious disorder are limited. 

A reporting scheme for Reye’s syndrome in the 
UK was started on | August 1981 as a joint venture 
between the British Paediatric Association, the 
PHLS Communicable Disease Surveillance Centre 
(CDSC), and the Communicable Disease (CD) 
(Scotland) Unit. 

BPA members have been informed of the project 
and were sent case report forms to complete should a 
child with suspected Reye’s syndrome be admitted 
under their care. For the purposes of the reporting 
scheme the diagnostic criteria are (1) encephalopathy 
of unknown cause, plus (2) serum transaminases 
(AST or ALT) raised above 100 IU/ml, or liver 
histolegy showing characteristic fatty changes, or 
macroscopically pale fatty liver at necropsy. In 
addition a clinically enlarged liver, raised blood 
ammonia concentration, hypoglycaemia, prolonged 
prothrombin time, or characteristic muscle histology 
would be supportive evidence. 

On receipt of the case report form a more detailed 
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questionnaire will be sent from the CDSC. The 
clinician is also asked to request virological investi- 
gation and to collect acute and convalescent sera and 
urine, and any biopsy or necropsy tissue. Sub- 
sequently central storage of all pathological speci- 
mens at the Virus Reference Laboratory of the 
Central Public Health Laboratory will be arranged 
by the CDSC. 

The objects are (1) to collect clinical and 
epidemiological data about Reye’s syndrome, (2) to 
publish periodical analyses of the data in the 
Communicable Disease Report and in the report of 
the CD (Scotland) Unit (obtainable free of charge 
from CDSC/CD (Scotland) Unit), (3) to provide a 
case register, and (4) to collect a ‘bank’ of relevant 
pathological specimens. These data and samples will 
be available for research purposes. 

The project will run for 2 years in the first instance 
and participants will be regularly reminded about it 
through BPA newsletters and the Communicable 
Disease Report. Its success depends on maximal 
co-operation and it Is hoped that all paediatricians in 
the UK will participate fully in the scheme. 

Enquiries and notifications to Dr Sue Hall, 
CDSC. 61 Colindale Avenue, London NW9 5EQ. 
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Effect of feeding on infants’ faecal flora 
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SUMMARY In newborn English infants, the predominant faecal baczeria were coliforms and 
bacteroides, as shown by Gram film, culture, and gas-liquid chromatography, whether they were 
bottle fed or exclusively breast fed. This contrasted with bifidobacterial predominance in faeces 
from breast-fed Nigerian infants. Presumably environmental factors other than exclusive breast 
feeding are also important for establishing the fiora. No differences were detected between the flora 


of infants of atopic and non-atopic controls. 


There have been many reports,!* including studies 
from England,* * showing that the faeces of breast- 
fed infants, unlike those of bottle-fed babies, have 
bifidobacteria as the predominant organism. In two 
other recent studies®® bifidobacteria predominated 
in bottle-fed infants as well as in breast-fed ones. 
Exclusive breast feeding protects against eczema’ 
and probably against other atopic allergy,® and the 
genetic component of atopic disease is, at least 
partly, one of'a nuniber of common minor immuno- 
deficiencies. We have speculated that a Gram- 
negative flora might have an adjuvant role in atopic 
sensitisation,” and Jarrett et al.“ showed the impor- 
tance of adjuvants in IgE responses to ingested 
antigens. We therefore studied the faecal flora of 
breast- and bottle-fed babies of atopic and non- 
atopic parents to see whether they differed on either 
regimen, and were surprised to find Gram- -negative 
rod predominance i in all groups. 


Materials and methods 


Fourteen newborn infants of parents with a history 
of atopy (that is the mother or father had a history 
of asthma, hay fever, or eczema), and 15 newborn 
infants to non-atopic controls were recruited at the 
maternity wards: of St Bartholomew’s Hospital, 
London. Three mothers withdrew from the study, 
and 2 were not studied for technical reasons. Non- 
white mothers were excluded because of possible 
differences in the incidence of atopy,” and those 
without a telephone were excluded. The sample was 
essentially of middle and lower-middle socio- 
economic class. No special attempt was made to 
influence the mothers’ decision on the type of feed- 
ing. Seventeen infants were exclusively breast fed as 
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reported by nurses and mothers. Two of 12 bottle- 
fed infants had been breast fed for 5 to 7 days after 
birth. We also studied the faeces of 12 breast-fed 
Nigerian infants born under village conditions 
(age <1 year) which had been frozen in liquid 
nitrogen as 10% susnensions in beef extract- 
glycerol broth.?® 


Infants’ faeces. Samples at about 2, 4, and 6 weeks 
of age were collected from the homes by one person 
(AS) and were processed within 6 hours of evacua- 
tion. Eighty-one samples were studied, sinze only 2 
were obtained from 6 of che infants. Broth end saline 
suspensions were made. Between 0-5 and 1-0 g of 
faeces were transferred to bottles containing beef 
extract-glycero! broth tc produce 10% suspensions 
as calculated by weight difference. Two normal saline 
suspensions were made: one at about 10% and the 
other at about 25%. Bottles were immediately frozen 
at —70°C. A smear of fresh faeces was also stained 
with Gram’s stain; 3 morphological groups (Gram- 

negative rods, Gram-positive cocci, and Gram- 
positive rods) were rumerically graded (few, 
moderate, very numeros). 


pH values. The 10% saline suspensions weze tested 
in a single batch using a Pye Unicam Mode! 291 pH 
meter. 


Gas-liquid chromatography. These analys2s were 
carried out at the Public Health Laboratory, Luton, 
using the 25% saline suspension. Volatile fatty 
acids in each acidified faecal suspension and its non- 
aciditied control were eth2r-extracted,* injected into 
the column of a Pye Unicam 204 Series Chromato- 
graph, and identified by their elution times in com- 
parison with a standard mixture. 


Bacterial culture. Ten per cent faecal Suspensions 
in glycerel broth were stored at —70°C for up to 3 
weeks. Serial 10-fold dilutions were made in brain 
heart infusion containing reducing agents.!4 The 
media ised for counting the various bacteria, with 
typical dilution ranges, are shown in Table 1. Three 
or 4 plates containing each medium were inoculated 
with 5C ul of the dilutions of each sample, distributed 
with glass spreaders. Aerobic culture, without added 
CO», was kept at 37°C for 24 hours. Anaerobic 
cultures were incubated at 37°C for 72 hours in Don 
Whitley anaerobic jars containing ‘cold’ palladium 








Table | Culture media for counting bacteria in faeces 
Medium Dilutions Bacteria counted 
plated 
MacCen«ey’s agar without Coliforms. 
salt (Oxoid CM7b) 104-107 Enterococci. 
Staphylococci 
Rich mediam* + neomycin Anaerobic strepto- 
(20 ug mil)? 104-107 cocci. 
Bifidobacteria. 
Bacteroides. 
Clostridia. 
Enterococci. 
Staphylococci. 
Veillonella 
Rich mælinum + neomycin 
(20 ug/ml) + vancomycin Bacteroides. 
(7-5 pg ml) 104-106 Veillonella 
Reinfòrsedclostridial agar 
(Oxczel CM151) + 1% 
glusose + 1% liver digest Bifidobacteria. 
pH = 103-106 Enterococci 
Lactosæegg yolk agar (Oxoid 
CM3 + 1% lactose + 5% 
egeyelk -+ 0-0025% 102-103 Clostridia 


neutmalred) + D- 
cyclosesine (400 ug/ml)24 


caaaeaee 
*Rich medium: reinforced clostridial agar (Oxoid CMIS1) plus 1% 
liver disest, plus 10% defibrinated horse blood. 
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catalyst under 90% H, and 10% COs. Single plates 
for each sample were selected for counting. If two 
counts of the same organism were made on different 
media, the higher count was used. The guide ines of 
Peach er al.'* were followed for the identification of 
bacteria. All colony types growing anaerobically 
were Gram-stained, counted, and subcultured 
aerobically and anaerobically. Gram-regative 
organisms growing only on anaerobic culture were 
identified by their antibiotic response." 


Immunological tests. Ten of the infants of atopic 
parents were examined at 12-14 weeks of life, blood 
was taken, and they were skin-prick tested with 
Dermatophagoides sp., Timothy grass, and cat 
extracts, and control (Bencard). Serum immuno- 
globulin G, A, and M were measured by radial 
immunodiffusion and yeast opsonisation by the 
method of Levinsky er a/.'6 


Results 


Direct smears of faeces. The predominant category 
of organisms in Gram-stained smears of faeces was 
consistent in all samples obtained from eaca infant, 
except for 3 which were classified by the calegory 
observed twice. Nine of the 12 bottle-fec infants 
had a predominance of Gram-negative rods. Gram- 
positive cocci were seen frequently, and were pre- 
dominant in 2 infants. Gram-positive rods were 
scanty, and predominated in 1 infant who was 
bottle fed. In faeces of all 17 breast-fec infants, 
Gram-negative rods predominated, and Gram- 
positive rods and cocci were scanty. Yery few 
typical bifidobacteria were seen. By contrast, in 
faeces of all 12 Nigerian breast-fed infants Gram- 
positive rods were predominant. and in many cases 
typical bifidobacteria were seen. 


Table 2. Mean log, viable bacterial counts/g of faeces (and number positive) of English infants classified by 
feeding type and history of parental atopy, and of 12 breast-fed Nigerian infants 





Infarts Parental atopy Coliforms Bacteroides Veillonella 
Eng lès? 
Age 2 weeks 
Botte Yes (4) 9-5 (4) 10-1 (2) 7-8 (2) 
No (7) 9-4 (7) 8-5 (4) 6-2 (1) 
Breast Yes (8) 9-4 (7) 9-4 (5) 6-7 (2) 
No (7) 9-4 (6) 8-2 (4) 8-2 (2) 
Age 4 weeks 
Botte Yes (5) 9.4 (5) 10-3 (2) 5-1 (3) 
No (7) 9-7 (7) 9-9 (4) 7-5 (3) 
Best Yes (9) 9.3 (9) 9-5 (6) 7-5 (1) 
No (7) 9-5 (7) 9-5 (5) ND 
Age 6 weeks 
Botde Yes (5) 9-3 (5) 8-0 (3) 7-4 (4) 
No (7) 9-7 (7) 9-3 (5) 6-4 (3) 
Brezst Yes (7) 9-6 (7) 8-9 (5) Fe 3X3) 
No (8) 9-6 (8) 9-7 (4) 7+2 (2) 
Niger an 
Breast (12) 6-4 (12) 8-6 (4) ND 
ND not detected; **P =0-045 (Fisher's exact test). 








Clostridia Enterococci Bifidobacteria Srapħylococci 
6-5 (3) 2:22) ND ND 

7-2 (5) 8-9 (5) 7-6 (2) 726)** 
5-5 (7) 7-3 (2) ND 7-7 (6) 
5-9 (6) 7-7 (3) ND &-1 (6) 
7-2 (4) 9-5 (5) ND BD 
7-0 (6) 8-7 (6) 9-6 (1) ND 
6-4 (8) 7-0 (5) 4-3 (1) > 8 (3) 
6-2 (6) 7-0 (4) ND 7-6 (3) 
6-7 (4) 8-8 (S) 7-2 (1) ND 

6-0 (7) 9-2 (7) 6-4 (4) 8-9 (1) 
5-8 (7) 8-2 (5) ND 8-6 (2) 
6-9 (6) 7-4 (6) 4-6 (2) +:1 (2) 
4-8 (2) 8-5 (7) 9-6 (12) TeL Q) 
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Table 3 Bacteria in significant excess (in prevalence and counts) in 81 specimens of faeces of 19 hoitle-fed 


babies compared with 12 breast fed-habies 


SSS 
Aged 4 weeks 


Aged 2 weeks 














Aged 6 weeks 











Organism P Organism E Organism P 
Prevalencet Enterococci 0-04 
Veillonella 0-03 
Staphylococci* 0-02 
Countst Clostridia < 0-025 Clostridia 0-05 Enterococci - 0-05 


Enterococci 


0-01 


see, 


*More prevalent in breast-fed babies. 
*Fisher’s exact test; 
tMann Whitney U test; 


Bacterial culture. The only significant difference in 
faecal flora between infants of atopic and non- 
atopic parents was a lack of staphylococci in the 
faeces of bottle-fed infants of atopic parents at 2 
weeks, P<0-05, Table 2. Because of this we com- 
bined the atopic and non-atopic groups to analyse 
the effect of breast and bottle feeding; in both 
feeding groups coliforms and bacteroides predomin- 
ated, and bifidobacteria were scarce, with a few 
exceptions. The few significant (P<0-05) differences 
of prevalence (number positive) or count of each 
bacterial species are shown in Table 3 for each time 
of study; there were excesses of enterococci, veillo- 
nella, and clostridia in bottle-fed babies, and of 
staphylococci in breast-fed babies, at 4 weeks, only 
occasionally confirmed at 2 weeks and 6 weeks. 
Table 4 shows ratios of different categories of 
bacteria grown from infants’ faeces. The only 
significant difference was at week 4, when the Gram- 
negative/Gram-positive ratio was higher in breast 
than in bottle-fed babies, mainly because of an 
excess of enterococci in the faeces of the latter. In 
the faeces of 12 breast-fed Nigerian infants bifido- 
bacteria were consistently the predominant 
organisms (log,, mean 9-6 + 0-17); coliforms were 
consistently fewer (log,, mean 6-4 + 0-49), Table 3. 
The ratios of the different categories of organisms 
are quite different from the English infants (Table 4). 


Table 4 Ratios* of categories of the faecal flora of 29 
English infants and 12 Nigerian infants 














English infants Nigerian 
infants 
2 weeks 4 weeks 6 weeks <I year 
Bottle Breast Bottle Breast Bottle Breast Breast 
Gram-negative 
> 27:8 2-8** 92** 2:2 79-7 0-092 
Gram-positive 
Aerobes 
— 3-3 04 0-8 5-9 1-6 0-087 
Anaerobes 
Coliforms 
peste 1-5 2-7 0-3 oF 1-2 1-5 0-0006 
All others 


a ĦĀãÃãűĒĒĒĒİÏĒRďRďÏďQQKKaaaaaaaaaaaŘħŮŐŮ- 
* Calculated from mean counts of bacteria in each category. **P <0-05 
(Mann Whitney U test of replicate ratios). 


pH values. The faeces of breast-fed babies had 
significantly (P<0-001, Mann-Whitney U test) lower 
pH values than those of bottle-fed babies at each age 
studied (week 2, mean pH 5-9 and 6-8: week 4, pH 5 
and 7-2; week 6, pH 6 and 7-1). 


Gas-liquid chromatography. The volatile fatty acid 
mixtures detected by gas-liquid chromatography in 
the faeces of 26 infants could each be placed in one 
of 3 well-known categories in which one or two fatty 
acids predominated (Table 5). None had the acetic 
acid predominance which has been described in 
association with a predominant bifidobacterial 
flora.'*? Three samples were available for study from 
each of 10 infants, and 2 from another 10. The 
different samples from each of these 20 gave con- 
sistent results in 17. The fatty acids observed are 
consistent with the expected metabolic products of 
the organisms cultured. 


Characterisation of atopy. Only 3 of the 10 infants 
of atopic parents examined at 12-14 weeks had 
symptoms possibly referable to atopy. Two sneezed 
frequently and 2 had dry skin, one with cough, 
wheeze, and colic; only the latter was thought to be 
of atopic origin and he was bottle fed, but was skin- 
test negative. Only one child gave one positive skin 
test response (to Dermatophagoides sp.) and he was 
breast fed. These 2 had the lowest serum IgA (both 
4 IU/ml), lower than the department normal range. 
Yeast Opsonisation was normal in all. 


Table 5 Predominant faecal fatty acids in breast--and 
hottle-fed infants 














Predominant Bottle Breast 
fatty acid (mn = 12) (n = 14) 
Acetic Nil Nil 
Propionic T Nil 
Butyric 4 11 
Acetic + butyric (1: 1) Nil l 


Inconsistent l 2 
eee 
In 5 infants with 3 samples, in which the finding in 1 sample differed 
from the other 2, infants were classified by the latter finding. Where 
the results differed they were classified as inconsistent. 


Discussion 


The most striking observation in this study is virtual 
absence of bifidobacteria in exclusively breast-fed 
infants born in a London hospital. They, like the 
bottle-fed group, showed a predominant Gram- 
negative flora with coliforms the dominating bacteria. 
The results from the Nigerian infants provided a 
positive control for our techniques, and confirm 
previous reports of high numbers of bifidobacteria 
in faeces of breast-fed infants. In Guatemalan 
Indians, bifidobacteria became the predominant 
bacteria by the end of the first week of life reaching 
counts greater than 10!°/g of wet faeces.” In the UK 
Willis er al. reported counts between 10° and 
10!°/¢ in 15 of 22 breast-fed infants studied daily 
during the first 2 weeks of life, and Hewitt and 
Rigby'® and Dolby er a/.'* found bifidobacteria in 
breast-fed infants’ faeces in counts of 10! and 
107-10''/g respectively, though neither of these 
studies detected a consistent negative relationship 
between ‘bifid’ counts and Escherichia coli counts. 
However, Mitsuoka and Kaneuchi?® in Japan isolated 
bifidobacteria in all infants, whether breast or bottle 
fed, at counts greater than 10!°/g, although he found 
streptococci, enterobacteriaceae, and anaerobes 
other than bifidobacteria were fewer in breast-fed 
infants than in bottle-fed infants. In a prospective 
study of the faecal flora of breast-fed and bottle-fed 
infants during the first 6-8 weeks of life, Bullen 
et al* reported that in breast-fed infants, bifido- 
bacteria greatly outnumbered streptococci, coli- 
forms, bacteroides, and clostridia. Other workers 
suggested that the bacteriostatic effect of antibody 
and lactoferrin in human milk?" may suppress the 
E. coli in the upper gastrointestinal tract. These 
conditions and the low buffering capacity of human 
milk could favour the rapid outgrowth of bifido- 
bacteria, and the production of large amounts of 
acetate; this would lower the pH values even more, 
and so inhibit coliforms, bacteroides, and clostridia. 
We observed lower pH values in the faeces of breast- 
fed mfants despite the lack of a bifidobacteria] flora, 
although our values are not as low as those of Bullen 
et al.,* and none of our specimens had acetic acid 
as the sole end product of bacterial metabolism. 
The mixtures of acetic, propionic, butyric, and other 
higher fatty acids reflect the dominant presence of 
colifomms and bacteroides, and clostridia may have 
contributed to it too. Besides the positive bifido- 
bacteria cultures in the Nigerian samples, the con- 
sisteney of results of cultures, microscopical 
examinations, and gas-liquid chromatography pro- 
vide strong support for the validity of our cultural 
techniques. 
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Although the work of Bullen eż a/.'’ showed that 
infant feeding can radically modify the faecal flora, 
our study and others strongly suggest that other 
factors are relevant too. One possibility is the dose 
of bacteria eaten by the child at birth. Imestinal 
colonisation starts immediately after rupture of the 
membranes. In many societies, such as the 
Guatemalan Mayan Indians studied by Mata and 
Urrutia,? and possibly the mothers of the Nigerian 
infants we studied, women give birth in the kneeling 
or squatting position and defecation during child- 
birth is usual. Certainly there was less asepsis, use 
of enemas, etc. Under these conditions the baby 
ingests a considerable amount of the mother’s faeces 
which are rich in bifidobacteria.*! Possibly tais also 
contributes to the acquisition of a bifidobacterial 
flora, and though such conditions do not apply in 
Luton, where the studies of Bullen eż al.'* were 
done, differences in obstetric techniques may play a 
part. Considerable variation of mother-to-newborn 
interchange of E. coli has been described in hospital 
deliveries. Bettleheim eż a/.2* showed that 22 of 28 
mothers and infants at St Bartholomew’s Hospital 
had the same Æ. coli serotype in their faeces, but a 
more recent study by Gothefors er al”? found that 
only 5 of 20 Swedish mothers and their infants had 
the same dominant serotype. Changes in obstetric 
practice may have contributed to this. The one 
difference noted—namely the excess of s:aphylo- 
cocci in breast-fed babies—presumably arose from 
a larger inoculum from the mothers’ skin. We did 
not identify the source of the E. coli in the breast-fed 
infants; they received only water to drink apart from 
human milk, and this and nipple cleansing seem 
unlikely sources. 

Our primary interest, a possible adjuvant role of 
the flora in the development of atopy and other 
immunopathology, remains to be established. If 
this is indeed important in preventing suck disease, 
our findings may provide one explanation why 
exclusive breast feeding does not always prevent 
eczema’ and show why atopy is more prevalent in 
industrialised countries than in developirg ones,’ 
but there are several other possible mechanisms too. 
They also suggest that it will only be possible to 
study the effect of the minor immunodeficiencies 
which underline atopy on the intestinal flora when 
more of the environmental factors which produce 
these big variations are understood and controlled. 


We thank Professor C B S Wood, Department of 
Child Health, and the nursing staf of St 
Bartholomew's Hospital; the staff of the Micro- 
biology Departments at Queen Elizabeth Hospital 
for Children, and Dr Willis and staff, Public Health 
Laboratory, Luton, for help and advice. 
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Cefuroxime in the treatment of neonates 


JOHN DE LOUVOIS, ANNE MULHALL, AND ROSALINDE HURLEY 


Queen Charlotte's Hospital for Women and the Institute of Obstetrics and Gynaecology, London 


SUMMaRY The new broad spectrum cephalosporin, cefuroxime, was used to treat 28 neonates 
with suspected or proved infection. All of them had had complications at birth or in early neonatal 
life waich were known to predispose to infection. The treatment regimen consisted of intramuscular 
or intravenous cefuroxime (50 mg/kg twice a day) for 5 days. Previously, such infants would have 
received gentamicin with penicillin or ampicillin. Pathogenic or potentially pathogenic bacteria 
were solated from 7 (25%) of them. All of these organisms were sensitive to cefuroxime. None of 
the babies had meningitis, but blood cultures from 2 gave positive results. There was significant 
clinical improvement in 27 of them after 5 days of treatment and each was well on discharge from 
hospēal. Serum urea, total protein, albumin, and alanine transaminase levels were estimated before, 
during, and after cefuroxime treatment. There were no changes attributable to cefuroxime nor 
were any changes in haemoglobin, packed cell volume, or total differential white cell counts observed. 
There were no adverse clinical side effects. One hundred and ninety-four samples of serum were 
assayed for cefuroxime. The mean peak level after intramuscular injection (42:7 mg/l) was reached 
in 0-3 hours, and the mean trough level was 10-5 mg/l. The mean half-life of cefuroxime in infants 
aged less than 4 cays was 5-8 hours. In 4 infants older than 8 days, it ranged from |-6—3-8 hours. 
Half4ife was not associated with birthweight. Cefuroxime is a safe, well-tolerated, and rapidly- 
absorbed drug for the treatment of neonates with suspected or proved infections; it is a useful 
altcreative to gentamicin, if the use of an aminoglycoside is not clearly indicated. 


The vulnerability of preterm neonates to serious Subjects 
sepsis is so great that, often, the decision to initiate Twenty-eight infants (15 boys, 13 girls) with a mean 
antimierobial chemotherapy is based entirely on gestational age of 39.65 -4.1 icek: and a meari 
clinica! suspicion. Bacterial cultures taken before birthweight of 2-00+0-85 kg were treated with 
treatment often fail to yield a pathogen. it is cefuroxime. The mode of delivery of these infants 
important therefore, that the antibiotic of first included spontaneous vertex vaginal delivery (n = 10), 
chcice should be free from toxic side effects, and it breech delivery (n—3), forceps delivery (n—2), 
is questionable if gentamicin is the ideal first line elective lower segment caesarean section (r—9), and 
therapy for units that do not have a problem with emergency lower segment caesarean sectien (n—2). 
infecion caused by Pseudomonas aeruginosa. Twenty-three babies were preterm; 6 of them were 

Tre range of bacteria which may infect neonates less than 30 weeks’ gestation, 18 had birthweights 
is wele, and it is often considered necessary to use less than 2-5 kg, and 3 were below the 10th centile 
mere than one antibiotic. With the introduction of for birthweight, head circumference, cr length. 
the aewer cephalosporins this has changed. Cefu- Complications of birth or early neonatal life which 
roxime is active against a wide range of Gram- contributed to suspicion of neonatal infection were 
positive and Gram-negative bacteria—such as the prolonged (>24 hours) rupture of membranes 
Lancefield group B streptococcus, Staphylococcus m=} birth asphyxia (n =) maternal pyrexia 
aureas. Escherichia coli, as well as many other (n=2), meconium aspiration in), and respiratory 
coliforms. Its potential toxicity is lower than that of distress or hyaline membrane disease (n= 8). 
gentamicin and, unlike most other $-lactam Previously, all babies would have received 
antiħiotics, it requires only twice-daily injections. gentamicin with ampicillin or penicillin. 

Tis paper reports a study on the efficacy, safety, 
and pharmacology of cefuroxime used in the treat- 
ment of 28 neonates in a special care baby unit. The dosage regimen was cefuroxime (50 mg/kg per 
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day) administered in two divided doses by intra- 
muscular (n=23) or intravenous (n=5) injections 
for 5 days. Two infants initially treated intra- 
venously, subsequently received intramuscular 
therapy. Treatment of one baby was changed to genta- 
micin and penicillin after 24 hours because of a 
deterioration in his clinical condition. Another baby 
who was still unwell after a 5-day course of cefurox- 
ime continued on gentamicin and penicillin for a 
further 5 days. 


Laboratory investigations 


Before the study started and during it, all bacterial 
isolates from patients within the special care baby 
unit were tested for sensitivity to cefuroxime. 
Surface swabs and blood cultures were collected 
from all babies before treatment, and cerebrospinal 
fluid was taken from 9 infants with suspected 
meningitis. Capillary blood samples were collected 
before, during, and after the 5-day course for 
estimation of serum urea, protein, albumin, and 
alanine transaminase. The results of other micro- 
biological and haematological investigations re- 
quested by paediatricians before and during the 
treatment period were also analysed. 


Cefuroxime assay 


Timed series of blood were collected after the midday 
injection on day 3 or 4 of treatment for cefuroxime 
estimation. Assay was performed by an agar 
diffusion technique using antibiotic medium no 2 
(Oxoid) with the addition of 0-25% sodium citrate. 
The indicator organism was Bacillus subtilis 1904 E 
(Glaxo Laboratories) prepared as a spore suspension 
which was incorporated before pouring at a concen- 
tration of 10% spores per ml agar. Cefuroxime 
standards in the range 0-62 to 10-0 mg/l were 
prepared in phosphate buffer pH 7-0 and test 
Samples appropriately diluted in the same medium. 
Four-millimetre agar wells were filled with test and 
standard solutions in quadruplicate and after 
overnight incubation at 37°C, zone diameters were 
measured On a magnified zone reader. The standards 
were plotted on semilog paper, and the tests read 
from the resulting straight line graph. 

Serum concentration of cefuroxime was measured 
in 194 samples from 28 infants. The results from 23 
of the infants (184 samples) were analysed using a 
logarithmic transformation and linear regression! 
to calculate the terminal half-life. There were 
insufficient data from the remaining 5 infants to 
warrant inclusion. The infants analysed had a mean 
birthweight of !-98 +0-78 kg and a mean gestational 
age of 32-4843-84 weeks. The median con- 
centration curve after intramuscular injection was 


assumed to be adequately described by a 1l-com- 
partment Open model as found in adults.” 

Sensitivity of clinical isolates to cefuroxime was 
determined by the disc diffusion technique on DST 
agar (Oxoid) pH 7-2 using E. coli NCTC 10418 as 
control. 


Results 


Bacteriological specimens from 7 of the 28 infants 
showed pathogenic or potentially pathogenic bac- 
teria. Two infants had positive blood cultures, one 
yielding Listeria monocytogenes and the other 
Klebsiella pneumoniae. The endotrachea! tubes of 
both these infants were colonised with K. pneumoniae. 
One infant had a urinary tract infection due to 
E. coli and another a respiratory tract infection 
due to Haemophilus influenzae. Staphylococcus 
epidermidis was isolated from an arterial line 
removed from the fifth infant and 2 others were 
superficially colonised with E. coli. All organisms 
were sensitive to cefuroxime. The only cefuroxime- 
resistant organisms occasionally encountered in 
the special care baby unit before or during the 
study were pseudomonads from environmental 
swabs. 

Cefuroxime had no discernible effects on serum 
urea, protein, albumin, or alanine transaminase as 
measured in blood collected before, during, and 
after the treatment period, nor were there any 
changes in haemoglobin, packed cell volume, or 
peripheral leucocyte count associated with therapy. 

Twenty-six of 27 infants showed clinical improve- 
ment after treatment. One infant who remained 
unwell at the end of 5 days of cefuroxime therapy 
was then treated with gentamicin and penicillin. All 
the infants were well when discharged from hospital. 

Timed blood samples were obtained from 10 
infants on 2 separate days, after at least 24 hours of 
treatment. Paired semilog plots of serum con- 
centration against time for individual patients 
resulted in graphs that were very similar in shape 
and showed no consistent shift, indicating that a 
steady state existed. 

The data on 17 infants (mean birthweight 
2-11+0-75 kg, mean gestational age 33-29 + 3-82 
weeks) treated with intramuscular cefuroxime are 
shown in Table 1. Average concentrations were 
taken for each sampling time for the 10 infants with 
two timed series. Using a logarithmic transformation 
and linear regression, estimates of half-life in 
individual patients were determined. The median 
half-life was 6-0 (SD 2-1) hours and the range 
2-1-10-8. 

The median and range of serum levels were 
determined at each sampling time and the results are 


Table 1 


Case Time (hours) 
0-25 O-5 
2 30 39 
3 38 42 
6 28 30 
7 69 75 
8 39 S2 
10 57 58 
11 33 48 
12 19 55 
13 46 50 
16 13 15 
17 — — 
19 51 55 
20 37 — 
22 — 40 
24 _— a 
26 32 38 
27 21 27 
Median 
concentration 35 45 
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Figure Median and range of cefuroxime levels in 
serum after intramuscular injection. 





Serum concentrations (mg/l) of cefuroxime in 
17 neonates after intramuscular injection of 25 mg/kg 
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presented graphically in the Figure. The median 
time from injection to peak serum concentration 
was 0-8 hours, and the half-life determined from the 
terminal portion of the median curve was 5-3 hours. 
This compares well with the median half-life obtained 
from results on individual patients. The median 
trough level 12 hours after injection was 10-5 mg/l 
(23-5 umol/l). 

On the assumption that absorption is complete 
12 hours after injection and that the trough con- 
centration will continue to drop according to 
Creket (where Cr (trough concentration) = 10-5 
mg/l, ką (elimination rate constant) = 0-12h), a 
computer was used to determine the portion of 
each serum concentration that was due to residual 
drug. The data were further analysed using the 
CSTRIP computer program of Sedman and 
Wagner? and this produced a best fit line (Figure) 
described by the equation 


C= A(e-Ket—e-kat) + Cre*t given that Cr=10: 5mg/l 
and k,—0-12h from k,=0-693/t4 


From this, a theoretical concentration at time 
zero (Co) of 48-5 mg/l (108-6 umol/l) and half-life 
of 5-8 hours were derived. This provided an estimate 
of the serum concentration after a single dose in a 
1-compartment open model from the equation: 


k,D 


a 


_ -ket _ e-kat — m 
C=A(e e-kat) where A Vik, —k) 


(k, (absorption rate constant)=4-7h, t=time zero, 
D= dose administered, V (volume of distribution) = 
0-67 l/kg). Using this model, the values obtained for 
trough levels after 1, 2, and 3 injections were 9-0 mg/l 
(20-2 umol/1), 11-1 mg/l (24-9 umol/l), and 11 -6 mg/l 
(26 umol/l), providing further support for the 
assertion that a steady state existed after the first 
24 hours of treatment. 

Results from 4 infants who were older than 9 days 
when treatment with cefuroxime was started were 
analysed separately (Table 2). Firm ccnclusions 
cannot be drawn from such a small series but it is 
clear that elimination is more rapid in older babies. 
Estimates of half-life in these infants ranged between 
1-6 and 3-8 hours. There were insufficient data on 
the infants treated with intravenous cefuroxime for 


Table 2. Serum concentrations (mg/l!) of cefuroxime in 
4 preterm neonates after intravenous injection of 25 mg/kg 
a 








Case Time (hours) 
0-25 0-5 1 3 5 
EE 
| 41 — 47 34 20 
4 30 36 36 25 12 
5 44 46 38 22 9 
28 24 36 36 22 10 
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analysis but serum levels one hour after injection 
were similar to those obtained by intramuscular 
injection. 


Discussion 


This study confirms the suggestion made in earlier 
reports’ č that cefuroxime is appropriate for single 
drug antimicrobial therapy of neonates with sus- 
pected or proved infections. Twenty-seven of 28 
neonates showed clinical improvement after 5 days 
of treatment and all were well on discharge from 
hospital. In previous reports on cefuroxime during 
the neonatal period, treatment has either been 
combined with other antimicrobial drugs* or has 
been used at a lower dosage or with a shorter 
interval between injections.* Thus, comparison of 
results is difficult. 

In the present study an intramuscular injection of 
25 mg/kg twice daily resulted in median serum levels 
of 45 mg/l (100-8 umol/l) after half an hour and 
10-5 mg/l after 12 hours and a median half-life of 
5-8 hours. The time to peak concentration, 0-8 hours 
(Figure), is shorter than that occurring in older 
patients and the plasma clearance, 1-35 ml/min per 
kg, is about half that demonstrated in healthy adults, 
reflecting the immature renal function of neonates. 

The lower dosage regimen used by Renlund and 
Pettay® (10 mg/kg, three times a day) resulted in 
elimination.of the drug from the -blood within 
8 hours. After a higher dose (33 mg/kg three times 
a day) used by Wilkinson ef al.4 the preinjection 
level was.so high (10-40 mg/l) that there was risk of 
accumulation of the drug. No evidence of accumu- 
lation was noted in the present study and the results 
suggest that after 24 hours of treatment, a steady 
state exists with regard to excretion. 

The excretion of cefuroxime-is slower in neonates 
than in infants and adults. In this study 82% of 
infants were preterm and the median half-life for 
those who started treatment during the first 3 days 
of life was 5-8 hours. In 4 infants treated after the 
eighth postnatal day, the half-life ranged from 1-6 
to 3-8 hours. Similar results were reported by Dash 
et alë who, in a study of neonates up to 3 weeks of 
age, reported that the half-life fell from about 
5 hours on the first postnatal day to 2-3 hours on 
the sixth day. Unlike an earlier report,® no association 
between half-life and birthweight was noted in the 
present study. Some results suggest that the half-life 
of cefuroxime is longer_in preterm than term infants 
and that as renal function develops the half-life 


aes 


j 


falls.4 5 In some infants the half-life at age 3-4 weeks 
may be as low as 1-14 hours* which compares with a 
half-life in adults of 1-1 hours.” The treatment 
regimens for neonates and infants must therefore be 
modified accordingly. The safety of cefuroxime for 
neonates as measured by the absence of adverse 
clinical, biochemical, or microbiological changes in 
this study matches that reported previously far older 
infants,® and we consider it to be a safe and efective 
first line antimicrobial drug for the treatment of 
neonates with suspected or proved infections. 


We thank Dr David Harvey and Dr Robert 
Dinwiddie for allowing us to study their patients, 
the medical and nursing staff of the Special Care 
Baby Unit for help and co-operation, Dr Elizabeth 
Hughes and Mr John Meek, Neonatal Biochemistry 
Unit, Hammersmith Hospital, London, who under- 
took the biochemical investigations, and Mr Mervyn 
Hogg, Glaxo Research Limited, who carried out 
the statistical analysis. 


Cefuroxime was supplied by Glaxo Laboratories 
Limited. 
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Delayed clearance of pulmonary fluid in the neonate 


S RIMMER AND J FAWCITT 


Departments of Radiology, St Marys Hospital, Manchester and North Manchester General Hospitat 


SUMMARY A consecutive series of 647 routine neonatal chest x-ray films taken at a known time 
within 48 hours of birth was reviewed: 48 % had been radiographed within 2 hours. Four hundred 
and twenty-seven had normal x-ray films, 147 showed evidence of delayed clearance of pulmonary 
fluid. and other diseases were present in 73. Excessive amounts of pulmonary fluid were not rare in 
neonates radiographed within 2 hours and were not necessarily associated with symptoms. Low 
birthweight and prematurity predisposed to delayed clearance of pulmonary fluid; with birthweights 
greater than 2-3 kg excess of pulmonary fluid was unlikely. Persistence of pleural fluid was more 
common in the right than the left lung. While radiologically there was no difference in the sex 
incidenee of delayed clearance, symptoms were more common in boys. 


At brth the unventilated lung is not totally collapsed 
because the alveoli are partially distended with 
fluid! The volume of this fluid is about equivalent 
to the functional residual capacity, representing 
10-20 ml/kg of body weight. In the normal term 
fetus the lungs contain about 80-100 ml of fluid.” 
This fluid appears to be actively produced or 
modified by the lung as it differs both in total 
osmolarity and in its protein, urea, and bicarbonate 
concentrations compared with amniotic fluid.! It is 
said to be an ultrafiltrate of the plasma.” 

Fawcitt et al.4 showed that aeration of the lungs 
was almost instantaneous in normally delivered 
infants. Therefore, the removal of fluid must be rapid. 
There are three main mechanisms of removal. Up to 
20 ml of fluid is expressed through the nose and 
mouth as the thorax is squeezed while the fetus passes 
down the birth canal during a normal vertex delivery.” 
Fluid passes into the interstitial tissues and from 
there into the pulmonary lymphatics® ” which are 
larger and more numerous in the fetal and newborn 
lung than in the adult. At the onset of ventilation 
there is a considerable increase in pulmonary lymph 
flow which in the mature fetal lamb increases at 
leas: 3-fold and drains 40% of the lung liquid 
within the first 2 hours of ventilation’ although 
removal! is slower in the immature lung.! This 
interstitial fluid is also drawn into the pulmonary 
capillaries because of their higher osmotic pressure.! 

The radiological features of excessive amounts of 
pulmonary fluid have been described by Avery et al.,” 
Kuhn er al..!! Swischuck,!* and Wesenberg ef ie 
Increased pulmonary vascular markings are less 
sharply defined than normal, with haziness of the 
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hila and engorged vessels extending to the periphery 
of the lung fields. (In the normal neonazal chest 
sharply defined vessel markings are confined to the 
medial two-thirds.) Excessive amounts ef inter- 
stitial fluid may be seen as abnormally large amounts 
of fluid in the interlobar fissures. or Kerley A and B 





Fig. 1 (Taken 50 minutes after birth.) Shows 
intra-alveolar fluid and diffuse opacities in both lungs; 
these are less pronounced at the periphery. An eir 
hronchogram could be seen in the left upper lobe. More 
peripherally, congested vessels could be seen together with 
a Kerley B line at the right base and a trace of 

pleural fluid. Thereafter films taken at 2-hourly intervals 
showed progressive improvement. At 3 hours the 
intra-alveolar fluid was no longer visible. 
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ties that tend to coalesce and which may beassociated 
with air bronchograms. Some of these features are 
shown in Figs | and 2. 


Clinical materials and methods 


Between 1956 and 1958 the radiographs of a con- 
secutive series of 795 neonates admitted to the 
premature baby unit of Crumpsall Hospital. 
Manchester were collected. These are currently 
reviewed as they forma unique series of films, taken 
irrespective of the presence of abnormal clinical] 
À signs at a known time after birth. Of the 647 cases 
L = radiographed within 48 hours, 48 % had abnormal 

a | clinical signs within 2 hours of birth. Details of the 





Table 1 Principal clinical features present at time of 
initial chest x-ray 


Fig. 2 (Taken 30 minutes after birth.) A preterm a 


but otherwise normal girl born at 37 weeks’ gestation Cases (n= 647) A 
with no clinical evidence of respiratory distress. E - l ia o 





Birthweight 


Excessive amounts of pulmonary fluid are present -2500 g 93 i4 
with congested vessels extending up to the periphery 2500 g 554 86 
of the lung fields. Kerley B lines are present at both No abnormal signs 351 34 
NE Baal oe oe ee ° “i as Birth asphyxia 54 8 
bases; there is a Ker ley A line in the right upper zone. Ladienases 87 3 
In addition, there is an excessive amount of fluid in Cyanosis and tachypnoea 97 I5 
the horizontal fissure. A small amount of pleural fluid Apnoeic attacks 10 1-5 
could be seen along the lower one-third of the right Congenital heart defect , ti 
; Hypothermia 15 2 
lateral chest wall. A further chest X-ray film taken at Cerebral damage 21 3 
27 hours was normal. Unrelated abnormality 9 1-5 


a 
lines may be present. Small amounts of pleural 
fluid may be seen in either the costophrenic angle C Ne eee a 
or as a lamellar effusion situated along the lower Table 2 Distribution of radiological findings in infants 
— . . . x-rayed before 48 hours of ave 
lateral chest wall. There is generalised hyperinflation X/@ved before 48 hours of age 
and mild cardiomegaly. In addition, if neonates have Radiological findings 


No of infants (n =647) 
x-ray films taken early before all the pulmonary x) 





Normal radiographs 427 





fluid has been displaced into the interstitial spaces, Excess pulmonary fluid 147 
intra-alveolar fluid produces fluffy ill-defined densi- Other lesions 73 
career 
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GMB Retained pulmonary fluid 
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maturity, birthweight, clinical condition at birth, 
subsequent course, and if applicable, necropsy 
resu ts. were available. Table 1 records the major 
clinical features present on admission at the time of 
the nitial chest x-ray film. 


LQ 
30 
20 
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Pleural fluid ( cases) 


Bilateral Right Left 
Fig. 4 Distribution of pleural fluid. 
o -s--= 0 Normal 
a — 4 Retained pulmonary fluid 
30 








Results 


Table 2 shows the distribution of abnormalities in 
the neonates radiographed before 48 hours of age; 
excess pulmonary fluid was present in 147 cases and 
was more common than any other abnormality. 

Fig. 3 demonstrates the diminution in the number 
of patients with evidence of retained pulmonary 
fluid with increasing time after birth. Of a total of 
147 patients with excess pulmonary fluid, only 27 
had excess fluid after 2 hours. 

Analysis of the distribution of pleural fluid 
(Fig. 4) showed bilateral pleural fluid in 26 patients; 
44 patients had pleural fluid on the right and 14 
had pleural fluid on the left. This increased in- 
cidence of pleural fluid on the right was statistically 
significant at the 1 % level using the y? test (P<0-01). 
Fluid seen in the horizontal fissure was excluded as 
this would have produced a bias towards the right 
side. 

Fig. 5 demonstrates the effects of birthweight on 
clearance of fluid. There were no neonates between 
600 mg and | kg with normal chest radiographs, but 
5 showed excess pulmonary fluid. At the upper end 
of the scale there were 14 neonates with birthweights 
greater than 2-3 kg with excess pulmonary fluid 
compared with 43 with normal chest raciographs, 
thus suggesting that low birthweight pred_sposes to 
delayed clearance. Similarly, Fig. 6 shows the 


a -C relationship between maturity and excess pulmonary 
g fuid. There were no normal chest radiographs 
6 before 29 weeks and an excess of abnormal x-ray 
g | films up to 31 weeks. The incidence of delayed 
E E clearance had fallen considerably by term. 
= a F As transient respiratory distress of the newborn 
af SF ae ; i ‘ z 
E ie appears to be more common In boys we _ooked at 
Dii the sex distribution of the group. Of 147 neonates 
690 1000 1400 1800 2200 2600 3000 3400 in whom excess pulmonary fluid was present, the 
Weight (g) gender was known for 118. Fig. 7 shows the number 
Fig 5 Distribution of cases according to weight. of patients plotted against time. It is apparent that 
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the total distribution of boys and girls was similar ; 
the distribution of boys and girls who retained 
pulmonary fluid was also similar, although there 
were fewer girls in each group. There was no 
statistically significant difference between the relative 
distribution of the two genders. 

In order to attempt to explain the sex difference 
in transient respiratory distress of the newborn, we 
looked for the presence of symptoms, and found 
that out of a total of 69 boys, 35 (52 °%) were sympto- 
matic and out of a total of 49 girls, 13 (33-3%) 
were symptomatic. These findings were statistically 
significant at the 5% level using the y” test (P <0-05). 


Discussion 


Avery et al.’ described a series of 8 cases of neonatal 
respiratory distress which did not follow the typical 
pattern of the idiopathic respiratory distress syn- 
drome and which she ascribed to delayed clearance 
of this pulmonary fluid and called transient tachy- 
pnoea of the newborn. The condition has also been 
called transient respiratory distress of the newborn,” 
wet lung disease,'* neonatal disseminated atelect- 
asis,'* respiratory distress syndrome type II,!° and 
diffuse primary alveolar atelectasis.!® The con- 
dition presents by the age of 4 hours with symptoms 
similar to those of idiopathic respiratory distress 
syndrome, but they are generally less severe and 
usually resolve within 48 hours. Avery et al 
reported that minimal cyanosis might be present 
but that alveolar ventilation was normal as 
measured by blood pH and Pco, although Sundell 
et al.” described the presence of mild hypercarbia, 
hypoxia, and acidosis at 2—6 hours. 

The excessive amounts of pulmonary fluid are 
thought to result in splinting of the lung with 
reduced pulmonary compliance and therefore 
normal inflation and deflation is hindered producing 
respiratory distress, pulmonary congestion, and 


generalised overaeration. Causes of delayed clear- 
ance which have been postulated are hypoprotein- 
aemia!?'?7 and hypervolaemia due to excessive 
milking of the cord.!5 

Although the condition was originally described 
as affecting mainly term infants, this series together 
with that of Wesenberg et al}? demonstrate a 
higher incidence in the preterm neonate. The 
incidence of retained pulmonary fluid found in this 
series is high, but these neonates had been admitted 
to the premature baby unit. This higher incidence 
might have been expected since experiments on 
animals have shown decreased pulmonary lymph 
flow in the premature,’ and preterm neonates are 
also hypoproteinaemic compared with term ones.'" 

The radiographic features of intra-alveolar or 
interstitial fluid tend to be particularly pronounced 
in the right lung, and in keeping with this is our 
observation that there is a statistically significant 
increased incidence of pleural fluid on the right. 

According to reports transient respiratory distress 
of the newborn is more common in the male. This 
series shows that although the radiological features 
of the condition are present in an equal proportion 
of boys and girls, they are associated with symptoms 
in a significantly greater number of males. 
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Short reports 


Alpha-l-antitrypsin deficiency presenting as a bleeding diathesis in the 


newborn 


P L HOPE, M A HALL, GH MILLWARD-SADLER, AND I C S NORMAND 
Department of Child Health and Department of Histopathology, Southampton General Hospital 


SUMMARY Three cases of a-l-antitrypsin deficiency: 


are reported. Each infant presented in the new- 
born period with a haemorrhagic , tendency 
which responded to vitamin K. Two of them 
subsequently developed cirrhosis, and Case 2 is one 
of the few reported cases of infantile cirrhosis associa- 
ted with the heterozygous protease inhibitor (Pi) SZ 
phenotype. On the basis of these 3 patients we feel that 
the exclusion of «a-l-antitrypsin deficiency by Pi 
phenotyping should be considered in any baby pre- 
senting with a bleeding diathesis, especially in view 
of the genetic implications of the homozygous 
Pi ZZ phenotype. 


The relationship of «-l-antitrypsin (a-1-AT) 
deficiency with liver disease in infancy has been well 
known since 1968.1 Hepatic dysfunction and subse- 
quent cirrhosis have been reported most often in 


individuals designated phenotype Pi ZZ by acid _ 


starch gel electrophoresis, but there are also reports 
of liver disease associated with the heterozygous 
phenotype Pi SZ.2* While the relationship of liver 
disease with «-1-AT deficiency is therefore well 
known, reports and reviews concentrate almost 


Table Details of the 3 infants 


Case I 

Serum a-l-antitrypsin level (g/1) 0-7 
Pi phenotype ZZ 
Aspartate transaminase at 

presentation (U/D 69 
Current aspartate transaminase 82 

ag; 
Tote! bilirubin at presentation 

(umol!) 190 
Direct bilirubin at presentation 

(umol/1) 45 
Liver biopsy Not performed 
Current clinical status Asymptomatic with 

no clinical signs 


at ago 13 months 


exclusively on the presentation of liver damage as a 
neonatal hepatitis syndrome. 

We report 3 cases of «-1-AT deficiency; each 
first presented with a bleeding diathesis in the first 
month of life and responded to vitamin K. Although 
it was subsequently proved’ that they had con- 
jugated hyperbilirubinaemia, their presentation was 
with haemorrhagic phenomena rather than with 
prolonged jaundice (Table). 


Case reports 


Case 1. This white boy was born at term by forceps 
delivery, did not receive vitamin K at birth, and was 
fully breast fed. At age 3 weeks he was admitted with 
a 3-day history of vomiting and jaundice. On 
examination he was mildly jaundiced, with a bleeding 
umbilical stump, and bruising over the sacrum. 
Haemogiobin (Hb) was 11-9 g/dl, platelet count 
normal, and clotting function so abnormal it was 
said to be impossible to estimate prothrombin index 
(PTI) or partial thromboplastin time (PTT). Vitamin 
K was given, the PTI 5 hours later was 1-6, and the 
next day 1-1. Liver function tests showed total 
bilirubin 100 pmol/l (5-8 mg/100 mi), direct bilirubin 


Care 2 Case 3 

1-0 1-0 

SZ ZZ 

167 144 

519 253 

120 112 

81 66 

Cirrhosis, Cirrhosis, 
diastase resistant, diastase resistant, 
PAS-positive globules PAS-positive globules 

Asympomatic with Few symptoms, 
hepatosplenomegaly hepatosplenomegaly with 
at age one year signs of portal hypertension 

at ago 6 months 


Conversion—-SI to traditional untts—a-l-antitrypsin: 1 g/l 100 mg/100 ml. 
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45 umol/l (2-6 mg/100 ml), aspartate transaminase 
(AST) 69 IU/I, and alkaline phosphatase (AP) 
1080 IU/l. Two days later he was still vomiting and 
was noted to have a bulging fontanelle. Cerebro- 
spina! fiuid obtained by spinal tap was normal and 
bilatera! subdural taps were negative. His clinical 
state improved and he was discharged from hospital. 
During an intercurrent illness at age 5 weeks, liver 
function tests were still abnormal, and at 10 weeks 
the PTI was noted to be 1-8 and further vitamin K 
was given. 

Sincethen he has remained asymptomatic, with no 
evidence of liver disease and no hepatomegaly. Liver 
function tests at age 13 months showed PTI and 
PTT normal, total bilirubin 2 umol/! (0-1 mg/100 ml), 
AST 82 IU/l, AP 622 IU/I. Level of «-1-AT was 
estimated at 0-7 g/1 (70 mg/100 ml) with a phenotype 
Pi ZZ. Liver biopsy has not been performed, but 
fam ly studies are under way. 


Case 2. This white boy was born at term by normal 
delivery and did not receive vitamin K at birth. 
He had been breast fed since birth and was mildly 
jaurdiced for the first week of life. At age 4 weeks 
he was admitted with a 1-day history of pallor, 
jaundice, and diarrhoea. An enlarging haematoma 
was noted in the axilla on admission. Initial results 
showed Hb 5-4 g/dl, platelets normal, PTI !9 times 
control. PTT 180 seconds (control 33-5), thrombin 
time 2 seconds longer than control, and factor 
VII assay 1%. Vitamin K was administered and 
he was transfused. The next day his Hb was 
12 g/dk, PTI 1-0 and PTT within normal limits; the 
haematoma was resolving and other liver function 
tests showed total bilirubin 120 umol/| (7-0 mg/100 
ml) direct bilirubin 81 umol/I (4-7 mg/100 ml), total 
protein 59 g/l, albumin 37 g/l, AST 167 IU/l. He was 
discharpged 2 days later asymptomatic but still 
jaundieed with a total bilirubin level of 200 mol/l 
(11-7 mg/100 ml). Thereafter he remained clinically 
very well; there were no further bleeding episodes, 
anc the jaundice gradually resolved with a total 
bilirubin level of 27 umol/l (1-6 mg/100 ml) 2 
months later, and 8 mol/l (0-47 mg/100 ml) 3 
months later. PTI remained normal and PTT 
shcwed marginal increase only. AST rose steadily to 
a level of 519 [U/l at one year. AP was consistently 
~1500 I1U/l and 5-nucleotidase (> 62 IU/l) was 
corsistently above our laboratory's range. 

At age | year he was noted to have a firmly 
enlarged liver palpable 4 cm below the costal 
margin, with a palpable spleen; he was admitted for 
investigation and liver biopsy. Level of «-1-AT was 
low at 1-0 g/l (100 mg/100 ml). Ultrasound and 
radionucleotide scans confirmed hepatomegaly, and 
no oesophageal varices could be seen on barium 


meal. Needle biopsy of the liver showed extensive 
fibrosis linking portal tracts and isolating 
parenchymal nodules, with peripheral hepatocytes 
containing diastase resistant periodic acid-Schiff- 
(PAS) positive globules. Appearances were typical 
of cirrhosis secondary to «-1-AT deficiency and the 
presence of «-1-AT in the globules was confirmed by 
immunoperoxidase staining. The patient's phenotype 
subsequently proved to be Pi SZ, his father and elder 
sister have the same phenotype with no clinical 
evidence of liver disease and his mother is 
Pi MZ. Since biopsy he has remained clinically 
asymptomatic. 


Case 3. This white boy was born at term by normal 
vaginal delivery; he did not receive vitamin K at 
birth and was breast fed. At age 9 days he was 
admitted elsewhere with blood oozing from the 
umbilicus. PTT was less than 1% and there was 
rapid clinical response to vitamin K. Jaundice 
developed at 6 weeks when investigations showed 
total bilirubin level 112 mol/l (6-5 mg/100 ml) and 
the direct bilirubin level 66 mol/l (3-9 mg/100 ml). 
Breast feeding was stopped and the jaundice slowly 
subsided. When he presented at age 5} months 
with an inguinal hernia, he was noted to have a 
distended abdomen with ascites, prominent 
abdominal wall veins, and a hard palpable liver 
2 cm below the costal margin. Total bilirubin level 
was 24 umol/l (1-4 mg/100 ml), direct bilirubin 
10 umol/l (0-58 mg/100 ml), AST 253 IU/I, AP 
1188 IU/l, total protein 47 g/l, albumin 29 g/l, and 
PTI 1-3. Level of «-1-AT was 1-0 g/l with a pheno- 
type Pi ZZ. Radionucleotide scan showed patchy 
uptake consistent with cirrhosis and portal hyper- 
tension, and oesophagoscopy revealed oesophageal 
varices. Needle biopsy of the liver showed established 
cirrhosis with broad bands of fibrosis separating 
small parenchymal nodules. Hepatocytes containing 
diastase resistant, PAS-positive globules typical of 
z-1-AT deficiency were seen, and the presence of 
xz-1-AT in the globules was confirmed by immuno- 
peroxidase staining. 


Discussion 


Our patients were all breast fed and none had received 
vitamin K at birth. Because of their presentation 
with bleeding disorders they were all initially 
diagnosed as having haemorrhagic disease of the 
newborn. However their presentation at 3 weeks, 
4 weeks. and 9 days respectively was later than one 
would expect for classical haemorrhagic disease of 
the newborn. They all had conjugated hyper- 
bilirubinaemia in the first few montks of iife 
associated with raised transaminases consistent with 


70 Hope, Hall, Millward-Sadler, and Normand 


neonatal hepatitis, and a clotting disorder due to lack 
of vitamin K dependent factors should always be 
considered in such circumstances. Although early 
reports of «-l-AT and liver disease mentioned 
umbilical bleeding as part of the presenting sympto- 
matology,4 more recent reviews have not stressed 
this mode of presentation. Greater awareness of 
these early features may lead to earlier diagnosis and 
Pi phenotyping should always be considered in 
cases of haemorrhagic disease in early life, especially 
if associated with raised hepatic enzymes. 

The Pi ZZ phenotype has an incidence of 1 in 
3500,° and is associated with a 7% incidence of 
clinical liver disease in childhood,? and a 39° risk 
of developing obstructive airways disease before 
age 40 years.® The report of Case 2 is one of the few 
to have been published of histologically proved 
cirrhosis associated with the Pi SZ phenotype.’ 

The clinical progression of liver disease varies 
greatly and our cases clearly show this. All 3 had 
neonatal hepatitis of comparable severity at pre- 
sentation, yet Case 1 had only marginally raised 
transaminases at age 13 months and Case 3 had 
developed cirrhosis. portal hypertension. and 
oesophageal varices by age 6 months. With such 
variability of clinical expression it is difficult to give 
parents a reliable prognosis or constructive genetic 
counselling. 
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Early biochemical findings in familial hypophosphataemic. 
hyperphosphaturic rickets and response to treatment 


MARTIN W MONCRIEFF 


Department of Paediatrics. John Radcliffe Hospital, Oxford 


SUMMARY Regular biochemical measurements were 
made in 4 babies, each of whom had One parent 
with familial hypophosphataemic, hyperphos- 
phaturic rickets. Hypophosphataemia developed by 
2 months and levels of alkaline phosphatase had 
increased by 3 months in all four. Decreased 
tubular reabsorption of phosphate and x-ray changes 
of rickets did not develop until 6 months in 3 of the 
babies. In the fourth these abnormalities developed 
at 9 days and 3 months. The babies were treated with 
Oral phosphate and small doses of l-x-hydroxy- 
cholecalciferol. The rickets healed readily in 3 
babies and their linear growth is within the normal 
range. Healing took much longer in the remaining 
child and his linear growth is below the 3rd centile. 
Hypercalcaemia has not been a problem of treat- 
ment. 


ee 


Familial hypophosphataemic. hyperphosphaturic 
rickets (FHHR) is diagnosed generally in the second 
year of life, or later, by which time growth is 
considerably retarded.! Diagnosis and treatment 
in the first months of life may prevent this, but the 
criteria for early diagnosis are not well defined, and 
few babies have been fully studied early in life.*-4 

The development of the biochemical and radio- 
logical features of rickets from the neonatal period 
onwards in 4 children with FHHR and their response 
to treatment are described. 


Materials and methods 


Four children (2 boys and 2 girls) were born into 
families in which one parent was known to have 
FHHR, the mother in 3 cases and the father of one 
of the girls. All were referred because of the family 
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histcry. The first child was born at 31 weeks’ 
gestetion and weighed 1:3 kg. His neonatal period 
was uneventful. The other babies were born at 
term. The babies were fed with breast milk or Cow 
and Gae Premium for the first 6 months of life. 
Regularmeasurements of serum phosphate, alkaline 
phosphatase and creatinine, and urinary phosphate 
and creatinine levels were made using a multi- 
charnel autoanalyser. Regular radiological exami- 
nations of the wrists were performed. Tubular 
reabsorption of phosphate is expressed as the ratio 
of creatinine clearance to phosphate clearance. 
This is aormally <0-17.° A figure greater than this 
indieates impaired tubular reabsorption of phos- 
phate. Normal values of serum phosphate levels at 
different ages are taken from Clayton et als ‘The 
upper limit of normal for alkaline phosphatase in 
our laboratory using an optimised nitrophenyl- 
phosphate method at 37°C is 770 IU/I during the 
first 2 years of life. 

If the diagnosis of rickets was unequivocal 
radiologically, treatment was started with l|-«- 
hyd-oxycholecalciferol (1-x-HCC) and phosphate 
solution supplying 250 mg of phosphate daily in 
five doses. The dose of 1-x%-HCC was increased 
cau iously until the rickets had healed. 


Results 


The first investigations were performed by 6 weeks 
in all 4 babies. The initial serum phosphate con- 
cen-ratzon was low in all patients and remained 
low during the ensuing months in 2 of them despite 
treetment. In one child it became normal before 
trectment was started and thereafter remained 
within the normal range, and in the fourth child 
the seram phosphate became normal as the rickets 
healed. The level of alkaline phosphatase was raised 
when first measured in 3 babies, but was normal in 
Case 1 although it rose greatly by age 3 months. 
Tubular reabsorption of phosphate was normal 
at 2-3 months in 3 cases, but became abnormal by 6 
months in each. In Case 1 tubular reabsorption of 
phosphate was particularly low at 9 days of age and 
remained low on three subsequent occasions during 
the next 3 months. Initial x-ray films were normal, 


Table Age at which diagnostic criteria of FHHR developed 


Oe 


Increased alkaline phosphatase 


but by 3 months in Case 1 and by 6 months in the 
other 3 babies radiological evidence of rickets was 
present. Urinary amino-acid excretion was normal 
in all the children. The findings are shown in the 
Table. 


Case 1 was treated with oral phosphate only, but 
his rickets worsened and so 1-«-HCC was started. 
Response to treatment has been slow anc healing 
finally occurred by 34 years on a dose of 4 ug of 
1-x-HCC. Cases 2 and 3 were treated with I-x-HCC 
and later with oral phosphate and the rickets healed 
after a year on 2-0 and 1-5 yg of l-x-HCC res- 
pectively. Case 4 was treated with l-«-HCC, 1 ug, 
and oral phosphate, and the rickets had healed 
6 months later. 


The children were seen in the outpatients depart- 
ment at about 2-monthly intervals for measurement 
of the serum calcium, phosphorus, and alkaline 
phosphatase levels. The blood was taken about 3-4 
hours after the first morning dose of phosphate. 
The serum calcium was above 2-75 mmol/_ (11 mg/ 
100 ml) in only 2 of 40 measurements made. The 
children have remained in good health and only 
Case 1 has developed any bony deformities. He has 
mild genu valgum. His growth has been poor, below 
the 3rd centile, perhaps related to the delay in 
starting treatment with 1-«-HCC. Linear growth has 
been in the lower range of normal, or or just 
below the 10th centile in the others. 


Discussion 


All 4 babies each had one parent with FHHR which 
is inherited as an X-linked dominant. In 3 babies 
this was the mother which meant that the baby had 
a 50°% chance of being affected. In the remaining 
baby the father had FHHR, so all his daughters 
should have been affected. However, there was some 
reservation about his diagnosis (D Brenton). It 
was not possible to know at birth if any of these 
babies would develop FHHR and so they were seen 
regularly for biochemical and radiological investi- 
gations. 

The diagnosis of FHHR is based on 4 criteria: 
hypophosphataemia, increased levels of serum 


Decreased tubular X-ray changes 
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Case Sex Hypophosphataemia 

Age 
1 M 2 weeks 3 months 
2 M 4 weeks 4 weeks 
3 F 5 weeks 5 weeks 
4 F 6 weeks 6 weeks 


Level U/l) phosphate 

1789 9 days 3 months 
995 6 months 6 months 

1900 6 months 6 months 
1409 6 months 6 months 
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alkaline phosphatase, decreased tubular reabsorption 
of phosphate, and radiological evidence of rickets. 
Although all 4 criteria were not present until 
6 months, by 6 weeks, 3 of the babies had 
hypophosphataemia and increased levels of the 
alkaline phosphatase, and the fourth baby showed 
these abnormalities by 3 months. This baby was 
born 9 weeks preterm which may account for this 
delay. Tubular reabsorption of phosphate was 
normal initially in 3 cases, but became abnormal 
by 6 months. This contradictory finding of hypo- 
phosphataemia with normal phosphate clearance 
has been noted in the past,? and may be due to 
impaired intestinal absorption of phosphate.? Case 1 
had impaired tubular reabsorption of phosphate 
at one week. Case 1 had radiological evidence of 
rickets at 3 months, but this did not develop until 
6 months in the other 3 babies. 


It is apparent from these results that the diagnosis 
can be made on the basis of hypophosphataemia 
and increased levels of alkaline phosphatase, and 
treatment can then be started, often by 2-3 months. 


There are few comparable studies on the develop- 
ment of the biochemical abnormalities. A total of 5 
well documented cases is described by Harrison 
and Harrison,* Stickler,2 and Schoen.’ The alkaline 
phosphatase level was increased by 3 months in 
all 5 cases, but hypophosphataemia did not develop 
until 4 months or later in three. The reason 
for this late development of hypophosphataemia 
is not clear, but it may be owing to the babies 
receiving fairly high phosphate content milk feeds 
as they were all studied before most infant milks 
were modified to a low phosphate content. However, 
details of their feeds are not recorded. 


Case | was treated initially with oral phosphate 
only, but his rickets got worse and 1-x-HCC was 
Started. Healing has been slow and his attendance 
at Outpatients has been irregular, although this has 
improved since the birth of his cousin (Case 4), and 
both children now come together. Healing has 
occurred within a year of starting treatment in the 
other 3 cases. The dose of 1-«-HCC has been in- 
creased cautiously as the risks of hypercalcaemia and 
nephrocalcinosis owing to overtreatment are well 
known.’ Indeed the father of Case 4 has hyper- 
tension due to nephrocalcinosis. The dose used in 
these children has ranged from 0-15 to 0-4 ug/kg 
which is considerably below the dose recommended 
by Seino et al.8 of 0-5 to 1-0 ug/kg. On this dose, 
hypercalcaemia has only been found in 5% of 2- 
monthly tests, compared with 20% in monthly 
tests using calciferol, as found in a girl previously 
reported.” 


It is disappointing that the serum phosphate level 


has remained low in 2 children despite oral phos- 
phate. This is probably because the dose used was 
small, but the babies were reluctant to take it, and 
2 developed mild vomiting or diarrhoea. 

Linear growth in the children has been on or 
just below the 10th centile, except in Case 1. This is 
considerably better than is usual in children with 
FHHR even when treatment is started by a year.? 

In conclusion, the studies reported in this paper 
show that the diagnosis of FHHR can be based on 
hypophosphataemia and an increased level of 
alkaline phosphatase. Treatment can be started by 
2-3 months of age with oral phosphate and 1-«- 
HCC in an initial dose of 1 wg. This can be increased 
cautiously to between 0-2 and 0-4 ug/kg and then 
reduced when healing has occurred. With such a dose 
hypercalcaemia is unlikely. Growth is likely to be on 
or near the 10th centile and may be better if 
treatment is started by 2-3 months of age. 


I thank the doctors who referred the patients. 
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SUMMARY Infective pericarditis is rare; the charac- 
teristic presenting illness in 3 children, each aged 
under ome year, is recorded. Early diagnosis is 
important since surgical drainage of the pericardium 
is often necessary in addition to antibiotic therapy. 
The clinical features may suggest pericarditis, but 
diagnesis is readily and reliably confirmed by 
echocardiography. 





ee 


Infec:ive pericarditis is rare in childhood, particu- 
larly in mfancy.!? 8 Purulent pericarditis has a high 
morta ty rate, 40-50%,!? but an organism is 
identified in only 75-90% of cases. Many of the 
cases arediagnosed at necropsy! which indicates that 
a hig> index of suspicion, early diagnosis, and 
correct surgical and antibiotic treatment will be 
essential for a high recovery rate.” Echocardiography 
plays an important part in clinical recognition, as 
illustrated by the 3 cases of infective pericarditis 
seen in infants during a 6-year-period at The 
Hospital ‘or Sick Children, Great Ormond Street, 
Londen. 


Case reports 


Case 1. One week after developing an upper 
respiratery tract infection a 7-month-old boy 
showed increasing tachypnoea and dyspnoea. 
Heart sounds were faint, blood pressure variable 
(90/50-70/60), and bilateral basal crepitations, and 
hepatc enlargement present. Notable abnormal 
findimgs were an enlarged cardiac silhouette on 
chest x-ray film, ST segment elevation in all limb and 
precordial leads of a standard electrocardiogram. 
Blooc cultures showed Streptococcus pneumoniae. 
The M-mode echocardiogram confirmed a peri- 
cardial effusion. Surgical drainage with anterior 
pericardiectomy was carried out, and mediastinal 
irrigatien and drainage with penicillin and neo- 
mycim were maintained for 5 days. 


Case 2. A 10-month-old girl remained unwell with 
increasing tachycardia and tachypnoea after an 
upper respiratory tract infection. Peripheral pulses 
remained easily felt (blood pressure 85/50), but 


heart sounds were faint, and bilateral basal crepita- 
tions heard, with 3 cm hepatic enlargement. Chest 
x-ray film and electrocardiogram changes were 
similar to those of Case 1, and M-mode echocardio- 
graphy showed the pericardial effusion. As purulent 
fluid (subsequently growing Haemophilus influenzae 
B) was aspirated, surgical drainage was established. 
This too became inadequate for draining the thick 
pus so an anterior pericardiectomy was undertaken. 
A pneumothorax complicated recovery. 


Case 3. Increasing tachypnoea culminating in 
respiratory arrest occurred 10 days after an upper 
respiratory tract infection in a 10-month-old boy. 
The chest x-ray film showed a globular heart 
(Fig. 1), and pericardial aspiration produced 200 ml 
of straw-coloured fluid. There was immediate 
clinical improvement but heart sounds remained 
faint. with a gallop rhythm. Although M-mode 
echocardiography showed a small residual effusion 
(Fig. 2), repeated studies indicated a diminution and 
the infant remained well. Further drainage was 
therefore unnecessary. No organism could be 
identified. 

All 3 patients have remained well up te 4 years 
later. 





Chest x-ray film showing cardiomegaly. 


Fig. | 
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Fig.2 M-mode echocardiogram. (A) left ventricular cavity, 


Discussion 


Infective pericarditis is responsible for between 24 
and 30% of non-surgical cases of pericardial effusion 
in infancy, and most cases are bacterial. It has a 
high mortality rate in those under age 5 years. 
Staphylococcus aureus is responsible for 75% of 
deaths.°® 

The diagnostic features of pericarditis in infants 
are the same as reported in older children.2 4 The 
important clinical features are malaise, cough and 
fever, weak pulses, tachycardia, and soft heart 
sounds.* Pulsus paradoxus of over 20 mmHg is 
significant® (10 to 20 mmHg is equivocal and may 
be due to other causes). 

‘Cardiac’ enlargement is found on chest x-ray 
film; the ‘waterbottle’ configuration (Fig. 1). The 
electrocardiogram may show low voltage complexes 
or change in the ST segment and T-wave pattern 
(compare with myocarditis). Their absence does not 
eliminate the presence of an effusion. The diagnosis 
of pericardial effusion should be considered in any 
infant with a known purulent infection who develops 
signs of cardiac failure or has evidence of increasing 
heart size. 

The effusion should be confirmed by echocardio- 
graphy. In experienced hands this is reliable, and 
an estimate of the size of the effusion may be made. 
Serial echocardiography will show the changing size 
of an effusion. Using M-mode echocardiography, the 
echo-free space separating the epicardial echoes 
from the dense echoes of the viscera] pericardium 
and structures posterior to the heart is the effusion 
(Fig. 2). This space should be differentiated from the 
descending thoracic aorta which is often visualised 
in infants as it passes behind the heart. With real 
time 2-dimensional echocardiography identification 


(B) left ventricular wall, and (C) pericardial effi.sion. 


of the pericardium and any effusion is ¢xtremely 
easy, and its extension determined.” In these clinical 
circumstances, the chief differential s Tom a 
myocarditis. Echocardiography readily d st nguishes 
the enlarged left ventricle with diminishec pulsation. 
Early effective surgical drainage is mancztory to 
improve survival: anterior pericardiectomy must be 
considered to avoid early or late constrictio i 
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SUMMARY Eight cases of neonatal gallbladder 
distension are described. Group B streptococcal 
sepsis 5 infants) or suspected sepsis (3 infants) was 
presen. amd probably played an aetiological role in 
the development of a distended gallbladder. Two 
infants required surgery because of persistent 
gallblacder enlargement and rising levels of bilirubin. 
Five responded to vigorous medical management 
and one died from sepsis and pneumonia. The need 
for conservative early management is stressed. 


————————E 


Gallbladder distension in neonates has rarely been 
reported. — Most patients who have been reported 
have Fad persistent distension and been subjected to 
laporetomy.'~? More recently successful medical 
management of gallbladder distension in association 
with zroup B streptococcal sepsis was reported.’ 
Presented here are 8 cases of neonatal gallbladder 
distension with a discussion of associated clinical 
findings and factors influencing management.* 


*Cases | and 2 were the subjects of a previous report.” 


Clinical material 


The clinical and laboratory data of 8 patients are 
shown in the Table. Six infants were preterm and two 
were term. Gallbladder enlargement was first noted 
by physical examination between 8 and 144 hours of 
age, although generally before 60 hours. In Cases | 
and 8. detection of gallbladder distension was delayed 
by pronounced hepatomegaly which resolved as the 
septic process improved. Five infants (Cases |, 3, 5, 
6. and 8) had group B streptococcal sepsis and the 
others had historical or laboratory data, or bozh, that 
strongly suggested sepsis. Three patients (Cases 1, 2, 
and 3) had acalculous obstruction of the cystic duct. 
At laporatomy, Case 2 had cholecystitis with 
Serratia marcescens and secondary pyloric outlet 
obstruction. Hydrops of the gallbladder was found 
in Case 1 at laporatomy and in Case 3 at necropsy. 
Cases 4, 6, 7, and 8 had ultrasound confirmation 
of an enlarged gallbladder and Case 5 had distension 
detected only by physical examination. Each 
received intensive medical treatment with resolution 
of gallbladder distension. Of the five infants (Cases 4, 


Table Clinical data of 8 neonates with gallbladder distension 
cc ts, AR TASES EERE 











Case LEirthweight Gestational Age (hours) Method of Pathology Serum bilirubin Miscellaneous 
(g) age (weeks) - diagnosis (mg/100 ml) 
Diagnosed Resolved — - 
Total Direct 

1” 2909 36 47 144 Physical Hydrops, 16-8 5-9 Group B streptococcal 
examination, acalculous sepis, respiratory 
arteriogram distress, shock 
neg contrast 

2* 2479 37 56 127 Physical Cholecystitis, 13-7 3-3 Respiratory distress, 
examination acalculous S. marcescens 

gallbladder 

3t 2398 34 26 — Physical Hydrops, 6-0 ND Group B streptococcal 

examination acalculous sepsis, respiratory 
distress, shock 

4* 18D 31 48 96 Physical — 5-6 ND Prolonged ruptuce of 
examination, membranes, a>noea, 
ultrasound neutropenia 

5* 2000 35 8 32 Physical — 11-2 1-8 Group B streptococcal 
examination sepsis, apnoea, cyanosis 

6* 1840 35 14 62 Physical - 5.2 0-7 Group B streptococcal 
examination, sepsis, respirazory 
ultrasound distress 

T* 2570 39 48 96 Physical — 8-1 0-8 Prolonged rupture of 
examination, membranes, fever 
ultrasound 

8* 2580 38 144 242 Physical — 2-3 0-2 Group B streptccoccal 
examination, sepsis, respiratory 


distress 


ultrasound 


*Surv ved. tdied. 
ND = net done. 
Conversion: traditional to SI units—bilirubin: 1 mg/100 ml = 


17-1 pmol/l. 
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5, 6, 7, 8) with spontaneous resolution of gallbladder 
distension the duration of a palpable gallbladder was 
<48 hours in 4, and the serum bilirubin levels were 
unremarkable in all five. 

In the 2 patients undergoing surgery, distension 
was present for >72 hours and the total and direct 
serum bilirubin levels were increasea. 


Discussion 


The cause of gallbladder distension in infants and 
children is generally not obvious at the time of 
laparotomy.?3°® Acalculous obstruction of the 
cystic duct by oedema or compression by adenopathy 
are potential causes in the septic neonate.’ However, 
primary cystic duct fibrosis has been reported,! so 
one cannot always assume that obstruction is 
reversible. Failure to resolve the obstruction with 
improvement of the septic state may be caused by 
progressive oedema or kinking of the cystic duct 
promoted by the already tense gallbladder,® or by a 
primary obstructive process.! 

The presence of a group B 8 haemolytic strep- 
tococcal infection in 5 of our patients, and in a 
previously reported case,* suggests that this organism 
may have a propensity for causing gallbladder 
disease. However, case reports of gallbladder disease 
associated with several other Organisms indicate that 
gallbladder distension is possibly a non-specific 
response to sepsis.* 7 8 The incidence of streptococcal 
infection in our patients may then reflect its general 
pathogenicity in the neonate. 

The use of neonatal ultrasound will probably result 
in the earlier and more frequent documentation of 
gallbladder distension.* Thus, indications for surgical 


Refeeding after acute gastroenteritis 


exploration may be less well-defined unless signs of 
frank peritonitis or perforation are evident. These 7 
Surviving patients benefited from intense medical 
management of their septic process before con- 
sideration of surgery. As described by Neu et al., 
and as seen in 5 of our patients, medical management 
allowed spontaneous gallbladder decompression 
without surgical intervention. In the 2 patients who 
required surgery because of persistent gallbladder 
distension and rising direct bilirubin levels, medical 
management for several days greatly improved their 
presurgical condition. 
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SUMMARY Children admitted with acute gastro- 
enteritis were managed with clear fluids and then 
given either the standard graduated feeding regimen 
or an abrupt reintroduction of normal feeds. The 
rapid refeeding group lost less weight, went home 
sooner, and had no increase in complication rate. 
Rapid refeeding is a reasonable option in the 
management of acute gastroenteritis. 

ee aaO 
The standard treatment of acute gastroenteritis is the 
administration of clear fluids for a short time followed 


by a gradual return to milk and normal feeds. 
Recently Rees and Brook! showed that a regimen of 
clear fluids could be changed directly to full-strength 
milk without ill effects. This was an important 
observation and one worthy of verification. 


Methods 


The children in this study were admitted to the Mater 
Children’s Hospital, Brisbane under the care of the 
admitting paediatrician of the day. Any infant who 
was aged over 6 months, who had had symptoms and 
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signs Of gastroenteritis for less than 7 days but 
no other major illness, and in whom informed 
parenta! eonsent was obtained, was entered into the 
study. We were not able to standardise initial 
treatment, but all children were taken off normal 
diet end given clear fluids either by mouth or 
intravenously. Antibiotics were given only if there 
was an imtercurrent illness. When a decision was 
made on clinical grounds to reintroduce oral 
feeding, the children were randomly allocated to one 
of two groups (1) the graduated refeeding group: 
half-s'reneth full-cream milk for 24 hours and then 
norma! feeds, or (2) immediate resumption of normal 
milk and food. For children in either group, marked 
worsening of vomiting or diarrhoea, or both of 
these, mdicated that treatment had failed and the 
child was given clear fluids again. The children were 
discharged when the paediatrician thought 
apprcpriate, taking account of the clinical condition 
of the child and the home circumstances. A home 
visit was made within the first week after discharge 
to check tor late complications. 


Results 


Satisfactory data were obtained on 62 children, but 
3 children aged 7-8 years in the rapid refeeding 
group were not age-matched with children in the 
graduated refeeding group, so were excluded. The 
main clinical features of the children are shown in 
the Table. 

Most children progressed satisfactorily regardless 
of which regimen they were given. In the rapid 
refeeding group, 7 (25%) of 28 were put back on to 
clear fluids because of recurrent vomiting or 
diarrhoea. However, only one of them lost weight 
during the recurrence, 5 continued to gain weight, 
and the weight of | remained stationary. Obviously, 


Table 


most of these children continued to absorb nutrients 
despite the increased losses from the gut. In the 
graduated refeeding group, 3 (9%) of 32 had to go 
back to clear fluids, 2 of whom lost weight. 
The weight of a third child remained stationary. 
There were no significant differences betweem the 
two groups in weight changes between admission 
and starting feeds (rapid group 0-:08+0-26 kg, 
graduated group 0-08 +0-27 kg) or in the length of 
this period. However, during the first 24 hours of 
refeeding, the rapid refeeding group lost 0-02 +0-25 
kg and the graduated group 0-14+0-21 kg 
(0-1 > P>0-05) and the rapid refeeding group stayed 
in hospital for an average of half a day less after the 
start of feeds. The shorter stay became more marked 
towards the end of the series as the ward staff became 
more confident that the initial improvement was 
being maintained. The home visits showed that there 
was no increased tendency for relapse after rapid 
refeeding. Home visits showed that there had been 
recurrences of vomiting or diarrhoea in 2 of the 
rapid and in 4 of the graduated refeeding groups. 


Discussion 


This study shows that rapid refeeding of infants and 
children with gastroenteritis probably results in less 
weight loss and shorter hospital stay than the 
standard regimen. There is certainly no evidence that 
rapid refeeding worsens the child’s condiion or 
increases the risk of complications. This is net a new 
Observation but one that was proposed nearly 
60 years ago,” and convincingly demonstrated 
35 years ago.2* In many developing countries 
children with gastroenteritis are left on milk during 
their illness, particularly if they are breast fed.” The 
problem of lactose intolerance after gastroenteritis 
was Outlined by Darrow in 1962.® He then said that 


Summary of the clinical features of the children in the two groups. Mean values are given, with range in breckets 





Clinical feature Feeding regimen 





Rapid (n= 28) 


Statistical significance 


Graduated (n—31) 














21-5 (8-59) 


Age (months) 
Before admission 
Duration ef vomiting (days) 2-4 (1-6) 
Duration of diarrhoea (days) 2-3 (1-5) 
Fever present 9 
In hospita! 
Clinical dehydration a Ip 17 
5% 11 
No of stools in first 24 hours 3-6 (0-11) 
Intraverous fluids given 13 
Refeeding and length of stay 
Total stay in hospital (days) 4-7 (3-7) 
Stay befere milk introduced (days) 2-8 (2-4) 
Stay after milk introduced (days) 1-9 (0-7) 





22-5 (6-42) NS 


1-7 (1-4) NS 
2-0 (1-5) NS 
10 
19 \ 
: NS 
12 f 
3-4 (0-10) NS 
13 NS 
5-4 (3-9) 0-1-P-0-5 
2-9 (2-4) NS 
2-5 (0-7) 0-1>-P>-0-05 





The y? ame Kolmogorov-Smirnoy tests were used for statistical analysis. 


NS = noti ssanificant. 
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we must decide whether food and milk may cause 
further damage to an already sick gut or merely 
demonstrate an existing malfunction, and gave 
evidence to support the latter opinion. This study 
suggests that rapid refeeding does not increase the 
risk of causing lactose malabsorption and that it is a 
reasonable and realistic option in the management 
of acute gastroenteritis. 
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SUMMARY Six children with congenital heart 
disease are described in whom poor growth was 
found to be due to small-bowel villous atrophy; 
none was in heart failure and only one was severely 
cyanosed. Growth improved in all 6 on a gluten-free 
diet. Gluten enteropathy may be more common than 
is realised in children with congenital heart disease, 
and jejunal biopsy should be undertaken early in 
any patient with poor growth and no heart failure to 
exclude the coexistence of the condition. 


We report 6 children with congenital heart disease 
who also had gluten enteropathy. Lack of growth in 
children with congenital heart disease is well known. 
Various explanations have been proposed—namely, 
an inadequate nutritional intake, impaired ab- 
sorption resulting in steatorrhoea and protein-losing 
enteropathy, the effects of chronic cellular hypoxia, 
and the result of increased metabolic demands 
secondary to an increased basal metabolic rate.! 

Although pancreatic insufficiency has been de- 
scribed in adults with cardiac failure, pancreatic 
function and bile salt concentrations may both be 
normal in children with congenital heart disease 
despite marked steatorrhoea.” Occasionally mild 
mucosal abnormalities not sufficient to explain this 
Steatorrhoea may be present on small-bowel 
biopsy.” 


Patients 


About 2500 children with congenital heart disease 
have been seen at the Leeds regional paediatric 
cardiology centre during the last 5 years. During 
this time, 6 children who failed to thrive had small- 
bowel mucosal changes consistent with coeliac 
disease in addition to heart lesions. The introduction 
of a gluten-free diet led to an improvement in growth 
and the remission of symptoms. The clinical details 
of these children are shown in the Table. In § the 
recognition of the heart lesion preceded the diagnosis 
of coeliac disease. A poor growth pattern was 
apparent in all, but in 4 there were additional 
indications of a possible malabsorption. Two were 
anaemic, 2 children passed loose motions, and 2 had 
abdominal distension. The decision to investigate 
these children was undertaken by the local 
paediatrician in 5 cases. Not all children with 
cardiac disease have been similarly investigated. 


Discussion 


Growth failure in congenital heart disease may 
result from various causes; occasionally it is due to 
chromosomal abnormalities, as in Turmer’s syn- 
drome, or to intrauterine infections such as rubella. 
However, poor growth is generally thought to be 
due to the effects of the cardiac defect although in 
many cases the mechanism is not clear. Growth 
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Table Clinical details of the 6 patients 
Case Cardiac lesion Other clinical features Jejunal biopsy Follow-up details Repeat ciepsy 
(age) 
l Tetralogy of Fallot, Height + weight < 3rd centile. Subtotal villous Not keeping to diet Subtotal villous 
correction at 4} years Distended abdomen, anaemia atrophy atrophr 
(28 months) 
2 Patent ductusarteriosus, Weight fellfrom 25th to < 3rd Subtotal villous Weight on 50th centile | year Refusec 
ligated at 4 months centile by | year. Family atrophy after diagnosis permission 
history of coeliac disease (12 months) 
3 Pulmonary atresia, Loose stools. Subtotal villous Died at 2 years. Some — 
ventricular septal defect Low l-hour blood xylose atrophy improvement in growth 
(15 mg/100 ml). (12 months) 
Weight < 3rd centile 
4 Pulmonary stenosis, Poor growth, weight fell from Subtotal villous Weight improved to 10th Subtotal villous 
valvotomy at 4 years 50th to < 3rd centile by atrophy centile. Not keeping to atrophy 
9 months. Anaemia (10 months) diet 
5 Aortic stenosis Distended abdomen, Subtotal villous Height and weight now on Subtotal villous 
steatorrhoea. Weight on atrophy SOth centile atrophy (after 
10th centile (3 years) gluten challenge) 
6 Atrioventricular defect No gastrointestinal symptoms. Subtotal villous Clinically better. Gaining 


Weight 7 kg at 2 years 


weight, but still <3rd 
centile 


atrophy 
(3 years) 
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retardation is often related to the severity of the 
cardiac lesion and this may be resolved surgically.” 
Patierts with large left-to-right shunts are often 
dyspndeic and prone to respiratory infections which 
can complicate any feeding difficulties. As neonates 
and infants with congenital heart disease may have a 
high metabolic rate an adequate nutritional intake Is 
clearly important.’ By forced feeding and increasing 
caloric intake in excess of normal requirements 
growth may be improved; however in one large 
study ef over 550 ambulatory children with con- 
genital heart disease an inadequate nutritional 
intake was not the main reason for the poor growth.’ 

There is little doubt that malabsorption can occur 
in patients with severe congenital heart lesions. 
Protein-losing enteropathy may result from the high 
venous and lymphatic pressures found in con- 
gestive cardiac failure. Steatorrhoea can occur 
secondary to chronic hypoxia despite the presence 
of normal concentrations of bile salts and normal 
pancreatic function.! 2. Small-bowel biopsies have 
been undertaken rarely, but in a few studies were 
found to be normal.” 

The incidence of coeliac disease is generally 
stated to be 1 in 2000, so the finding of 6 cases out 
of a population of 2500 is highly significant (P <0-01 
binomial test). McNeish and Anderson? alluded to 
this possible association when they reported 2 
children with both coeliac disease and coarctation 
of the aorta. As children with congenital heart 
diseese often thrive poorly, gluten-containing foods 
can be introduced early. Littlewood er al. recently 
reported a decline in the incidence of coeliac disease 
and they thought that this might be related to the 
later troduction of cereals and to an increase In 
breast feeding.” Our suggestion that coeliac disease 


is common in children with congenital heart disease 
may be explained by the fact that cereals are often 
introduced early in an attempt to overcome poor 
growth. Separation from the mother in regional 
cardiology centres often makes breast feeding 
impractical. Five of these 6 children were bottle fed, 
but unfortunately we do not know the precise age at 
which cereals were introduced. 

Having recognised 6 children with these two 
conditions we wish to stress the need for full gastro- 
enterological investigations, including jejunal biopsy, 
in children with congenital heart disease who con- 
tinue to thrive poorly. 
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Toxoplasmosis 

Sir, 

I should like to draw attention to a misleading statement 
in the annotation by Fleck! which begins ‘Opinions about 
the incidence of congenital toxoplasmosis in the UK seem 
to differ between 1 in 10000 and 1 in 2000’, which 
implies that these figures apply to the incidence of 
affected children per thousands of pregnancies. However, 
Fleck and Kwantes’ state that “Tests for such cases 
(congenital toxoplasmosis) would mean screening two 
or three times during pregnancy—that is carrying out 
about 10 000 tests to find a single case’. Therefore it is 
the incidence of disease per number of tests carried out. 
Earlier in the same paragraph® the authors quote ‘less 
than 1 in 3000’ pregnancies as being the risk of an infant 
being infected, and base the figure of 1 in 10 000 tests on 
this incidence; this is not quite so widely divergent from 
the 1 in 2000 estimated by Williams? with which Fleck 
compares it. 
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Dr Fleck comments: 


I regret adding to the existing confusion about the 
incidence of congenital toxoplasmosis. Surveys of mild 
and severe cases which have so far been made in the UK 
are not sufficiently extensive to provide accurate figures. 
Estimates vary widely as was stated in the annotation; thus 
estimates of cost benefit must also vary widely. The 
estimate of cost benefit was made assuming | case in 
2000 pregnancies which would be found only by testing 
a large number of sera, say 10000. More accurate 
figures are needed and these can be provided only by 
extensive, carefully co-ordinated, nationwide surveys 
before embarking on mass screening of pregnant women. 
_ Perhaps more light is shed on the problem by Williams 
et al 
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Objective birth data and the prediction 
of child abuse 


We read with interest the report by Murphy ef ai. and 
we agree about the importance of being able to predict 
the families at risk for child abuse. We accent that the 
data available from the Cardiff Birth Survey are objective 
anc unbiased but we are concerned about the method of 
ascertaining cases. In the study child abuse is defined 
solely on the basis of a case being reported to the 
authorities. Data from the USA suggest that mamy cases 
of abuse are not reported to child abuse egencies.?* 
If case ascertainment is similarly incomplete in Cardiff, 
it is highly likely that the population characteristics 
associated with risk of abuse may actually represent risk 
of abuse coming to the attention of the authorities. Since 
the lower social classes are likely to be the beneficieries of 
this increased risk of being reported, the factors known to 
be associated with low social class—such as marital in- 
stability, poor prenatal attendance, and low birthweight, 
etc.—will be artefactually found to be associated with 
risk of abuse. Furthermore, random selection of controls 
and objective control data will not correct this bias. 

Until we can be confident that all cases of child 
abuse are diagnosed and reported or that all families are 
under equal surveillance, identification of rk factors 
may merely represent risk factors for child abuse 
reparting and not for child abuse itself. 
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Dr Murphy and co-workers comment: 


We thank Dr Marks and Dr Jason for their comments 
on our paper, but we do not think that American 
experience can be applied to the UK. Our system in 
which health visitors work with general practitioners 
ensures that all children under 5 years have a degree of 
regular supervision that is unrelated to social class. It 
is even suggested that over-reporting may now be a 
problem! especially in the area of marginal cases; 
therefore we believe that our cases represent a true 
picture of child abuse in South Glamorgan and that our 
findings are valid. 
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Water-soluble vitamin D in human milk 


Sir, 

There is continuing interest in the well-known fact that 
breast milk plays an important part in protecting infants 
against neonatal hypocalcaemia. For many years it was 
considered that this protective influence was due to 
factors other than the presence of vitamin D in milk, 
since its concentration was low (0-1 ug/l). However, 
more recent reports suggest that such measurements, 
made en the lipid fraction of milk, were gross under- 
estimates and that water-soluble vitamin D in the form 
of cholecalciferol sulphate was present in concentrations 
ranging from 5 to 24 ug/l.” Despite the rather unspecific 
methods used in such studies, the belief that cholecalci- 
ferol sulphate is an important antirachitic constituent of 
milk has found its way into nutritional texts. That such 
a belief may have been ill founded has been suggested by 
2 recent studies carried out in the USA in which 
chemically synthesised and characterised vitamin D3 
sulphate had only very small effects on calcium meta- 
bolism compared with vitamin D3,’ and highly specific 
analysis failed to show the presence of vitamin D3 
sulphate in milk. Attempts at analysis in this laboratory 
would appear to confirm such studies. Our approach has 
been to purify ethanolic extracts of human breast milk 
samples obtained at varying days after delivery (kindly 
provided by the Department of Child Health, St 
George’s Hospital) by LH-20 Sephadex and high pressure 
liquid chromatography with ultraviolet detection. 
3H-cholecalciferol sulphate was synthesised and added 
to milk samples to monitor recovery. Although several 
ultrawiolet absorbing peaks were obtained from the 
purified milk extracts, none had chromatographic 
retention times similar to authentic cholecalciferol 
sulphate. Addition of unlabelled cholecalciferol sulphate 
to milk resulted in the appearance of a peak in the 
expected position. Overall recovery of the *H-cholecalci- 
ferol sulphate was 15-25%. The sensitivity of the 
detection system was such that 10 pmol (4 ng) of chole- 
caleiferol sulphate could be readily observed. Thus, 
allowing for losses in the extraction and purification 
procedures, concentrations of cholecalciferol sulphate in 
the original milk samples greater than 2-5 nmol/l 
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(1 ug/l) should have been easily detected. This specific 
estimate of the maximum possible amount of vitamin D 
sulphate in human breast milk is therefore of an order of 
magnitude lower than that reported by others using less 
specific methods.” 

The recent UK report on rickets and osteomalacia’ 
recommends that the amount of water-soluble vitamin 
D in foods should be measured. From our observations 
and those of others, it now appears unlikely that water- 
soluble vitamin D is a significant component of human 
breast milk. 
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Prostaglandin synthetase inhibitors in 
congenital chloride diarrhoea 


Sir, 

Minford and Barr! and Castro-Gago ef al.? have reported 
the correction of electrolyte balance and renin and 
aldosterone concentrations with prostaglandin synthetase 
inhibitors in 2 children with congenital chloride 
diarrhoea. As it is well known that prostaglandin 
synthetase inhibitors increase renal sodium and water 
reabsorption® this is a very logical finding. Because ofa 
decrease in the delivery of sodium into the distal tubules 
the urinary loss of potassium is reduced as well; therefore 
such therapy might be expected partly to correct any 
contraction of the extracellular volume and any associ- 
ated hyponatraemia or hypokalaemia. It is not known 
whether prostaglandin synthetase inhibitors have a place 
in the therapy of such conditions. 

We know from experience on more thar 30 patients 
with congenital chloride diarrhoea that if such children 
have their intestinal electrolyte and water losses fully 
replaced with a NaCl + KCI solution orally from birth, 
they have a totally normal development with normal 
serum electrolyte and hormone concentrations.* No 
‘crises’ took place, although these did occur in our early 
patients who were given less than full replacement. This 
treatment is logical, physiological, and has no side effects. * 
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Prostaglandin synthetase inhibitors do not affect the 
diarrhoea, but only alleviate its pathophysiological 
consequences. They would be of some value only in 
patients who are on inadequate replacement therapy. 


Such treatment of congenital chloride diarrhoea would. 


be a retrograde step. Besides the known side effects of 
these drugs such treatment would cause vascular changes* 
and the risk of ‘crises’ as exemplified by the report of 
Minford and Barr. 
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Dr Minford and Dr Barr comment: 


Holmberg and Perheentupa correctly questiom the place 
of prostaglandin synthetase inhibitors in the therapy of 
congenital chloride diarrhoea. After our experience with 
ketoprofen in the management of a single case of con- 
genital chloride diarrhoea, we find it difficult to advocate 
a clear role for prostaglandin synthetase inhib-tors in the 
long-term management of this disorder. However, it is 


possible that they may be of some value in the initial 


management of patients (such as the case reported by 
us) who are not diagnosed until some time after birth, if 
they have evidence of marked hyper-reninaemia, and 
require large volumes of fluid and electrolytes to keep 
pace with intestinal losses. Although the patient reported 
by Castro-Gago et a/. remained free of crises we found 
that the initial beneficial effects of ketoprofen were not 
sustained, and after 5 weeks of treatment control of 
electrolyte balance became less satisfactory Shortly 
afterwards the drug was stopped. It would therefore 
seem: inadvisable to rely on prostaglandin synthetase 
inhibitors as long-term treatment. Treatmert should 
essentially consist of full replacement of intestinal 
electrolyte and water losses with NaCl + KC] solution 
orally, as suggested by the extensive experience of Dr 
Holmberg and his colleagues. 
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Book reviews 


Basic Family Therapy. By Philip Barker. 
(Pp. 214; illustrated. £12-00 hardback, 
£5-95 paperback.) Granada Publishing: 
St Albans. 1981. 


By reason o' their vulnerability and de- 
pendence children are at the mercy of their 
parents both physically and emotionally. 
They frequeatly indicate the climate of 
the family aad home in which they live, 
and any general practitioner or paediatri- 
cian meeting parents through the children 
soon discovers this, as well as the powerful 
way in which a family’s emotional func- 
tioning can contribute to or mar a child's 
healthy and happy development. The con- 
cept of a family approach toan individual's 
problems has grown from this basic 
premise, and during the last 20 years 
family therapy has developed into an 
enthusiastic and promising but somewhat 
unruly adølescent. 

The author, previously consultant 
child psychiatrist in Charles Burns 
Clinic, Birmingham, and now professor of 
psychiatryand paediatrics at the University 
of Calgary, Canada, has written an easy to 
read and wide-ranging textbook which, 
having set the scene historically, introduces 
-athe beginner in the field to the main 
concepts and theoretical approaches and 
relates them to each other and to tra- 
ditional ways of working. All the major 
schools of family therapy are mentioned 
and an excellent bibliography backs this 
up. 

Each stage in work with a family is 
covered ‘rom assessment to ending treat- 
ment, and a chapter Is included on teaching 
family therapy and research in the field. 

This is a very useful book for beginners 
which provides a clear guide to the 
burgeoningefield of family therapy. 


WENDY J B RAINE 


Hematology of Infancy and Childhood, 
second edition. In two volumes. Edited by 
David G Nathan and Frank A Oski. 
(Pp. 1574 mcluding index; illustrated + 
tables. £08-00 the set hardback.) 
Saunders: Philadelphia. 1981. 


The first edition of this book was published 


in 1974 and because I had fond memories 
of Oski’s classical monograph on haema- 
tological problems of the newborn | 
purchased the large volume for the then 
exorbitant price of £28- 50 but, alas, it was 
a disappointment being (as anticipated) 
strong on red cell physiology but weak on 
clinical aspects in general, and having 
some surprising omissions. 

These facts have been remedied in the 
second edition but in consequence the 
book has expanded to two volumes and 
more than doubled in price. The contents 
have been reorganised in a logical 
sequence, with continuing strong emphasis 
on red cell physiology (964 references to 
the red cell membrane and its disorders). 
At its best the approach Is superb, as in 
the section on bone marrow failure in 
which Nathan’s clear outline of physiology 
is followed by Alter’s excellent survey of 
clinical disorders, but some other sections 
in volume 1 are repetitive and would have 
benefited from more ruthless editing. But, 
tucked away, there are helpful chapters on 
thalassaemia with a clear explanation of 
the mysteries of nucleic acid hybridisation 
and gene mapping, and a good chapter on 
sickle cell disease. 

Some of the best sections are those 
dealing with the interface between 
haematology and other disciplines—such 
as disorders of host defence and storage 
disorders. A clear outline of the principles 
of cancer chemotherapy is followed by a 
chapter on leukaemia and a masterly and 
succinct chapter on lymphomas with an 
appropriately brief review of other 
paediatric neoplasms. 

The references are remarkably up to 
date for a book of this size and scope and, 
provided you can find it, everything is 
covered, the main weakness being in the 
index which is not sufficiently compre- 
hensive. The book is certainly worth 
buying for the departmental library 
although for my money the single-author 
monograph, despite its weaknesses, 
remains the best. 

JUDITH M CHESSELLS 


Present Day Practice in Infant Feeding: 
1980. Report of a Working Party of the 
Panel on Child Nutrition Committee on 
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Medical Aspects of Food Policy. Chair- 
man T E Oppé. Report on Health and 
Social Subjects No 2C. (Pp. 52; tables. 
£3-60 paperback.) DHSS: London. 1980. 


This booklet follows a publication on the 
same subject in 1974 and in many ways it 
is a much more satisfactory source of 
information and comment, although brief, 
it is of academic and practical value. 

After a short introductory chapter the 
five sections that follow give an assessment 
of the present trends of practice and 
discuss breast feeding. artificial feeding, 
and the introduction of mixed feeding and 
dietary supplements in which are included 
vitamins, iron, and fluoride. Further 
sections cover special areas of difficulty 
and in this part of the report rickets, 
unconventional diets, and allergy are dealt 
with. The important paragraphs on 
allergy would have been improved had 
they been more critical of the problem of 
milk allergy, which is in danger of over 
diagnosis. Educatior is discussed in 
section 8, but perhaps in this as well as in 
some other sections, more might have teen 
written about the dietary problems in this 
country of ethnic minority groups. 
Detailed information is given on milk 
composition. 

Topics are handlec in a modern and 
informative way which preserves the 
balance and gives very up-to-date infor- 
mation about areas of developing thought 
where new information has become 
available since 1974. 

The previous edition was published at a 
time when there was much new interest in 
the changing pattern of infant feeding and 
anxieties about food allergy and hyper- 
natraemia: since then the picture has 
become clearer and the risk of 
hypernatraemia has diminished. 

It is unlikely that anyone working in the 
child health field will be able to manage 
without a copy of this booklet. The price 
seems high, but one must assume that this 
is needed to cover at least part of the cost 
of the very considerable effort that the 
Working Party obviously expended in 
order to gather information and weld it 
into a series of paragraphs which are both 
informative and reacable. 
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Textbook of Pediatric Infectious Diseases. 
Edited by R D Feigin and J D Cherry. 
In two volumes. (Pp. 1858 including 
index; illustrated -+ tables. £64-50 the set 
hardback.) Saunders: Philadelphia. 1981. 


_ This is an enormous two-volume multi- 


author text and most of the contributors 
are American. The first part is on host- 
parasite relationships and covers such 
topics as the relation of nutrition to 
infection, metabolic response, immune 
responses, and fever and general epide- 
miological principles. The bulk of the 
volumes comprises two large sections 
covering infections of organ systems and 
infections by individual pathogens 
including fungal and parasitic causes. The 
concluding parts deal with the problems 
of infection control, chemotherapy, 
prevention of infection, and the use: of 
laboratory methods in diagnosis. 

Most of the sections are fresh and up-to- 
date reviews; many are notable in setting 
a sound anatomical and patho-physio- 
logical basis for the clinical problems they 
discuss, and the editors have for the most 


part avoided any great overlap between - 


the ‘organ systems’ and the ‘specific micro- 
organisms’ sections. It is refreshing and 
interesting to read about an infection from 
both aspects but it often means that both 
the relevant sections have to be consulted 
so it is a pity that the index is not repeated 
in each volume. 

There is an apparent separation from 
universal clinical problems which is the 
common, although not insuperable, dis- 
advantage of works based essentially on a 


pathological or microbiological classifi- 
cation. For example, the rarity with which 
lower respiratory infections can be 
assigned to a specific pathogen makes 
chapters on this topic hard to relate to the 
many infections of this kind seen in 
everyday practice. Chapters on epide- 
miology, diagnosis, and management of 
general groups of respiratory and diar- 
rhoeal diseases would have brought these 
important topics closer to common 
clinical experience. In achieving compre- 
hensive coverage many chapters deal with 
infections which are rare in childhood or 
ones which present no specifically 
paediatric features or problems; this can 
be either a drawback or an’ advantage 
depending on one's access to libraries. 
These volumes contain a mass of 
interesting and valuable material and they 
should have a place on every paediatric or 
infectious diseases bookshelf. 
H P LAMBERT 


Shorter notices 


The Collection and Storage of Human 
Milk. DHSS Report on Health and Social 
Subjects No 22. Report of a Working 
Party on Human Milk Banks, Panel of 
Child Nutrition, Committee on Medical 
Aspects of Food Policy. (Pp. 37; tables. 
£3-00 paperback.) HMSO: London. 1981. 
Detailed and authoritative recommenda- 
tions from an expert working party 
chaired by Professor June Lloyd. 
Essential for those running human milk 
banks for neonatal special care units. 


A Handbook for Examinations i 
Paediatrics. By H M Nutbeam an 
M I Levene. (Pp. 144; illustrated. £4-8 
soft cover.) Blackwell Scientitic: Oxforc 
1981, 


This is for doctors who are preparing fc 
postgraduate paediatric examination 
There are 250 multiple-choice questions c 
standard design, each one constructe 
reasonably well but far more ‘small prin 
information and rare syndrorres than ar 
required for any British postgraduat 
examination. have been included. I 
addition there are about 50 data interpre! 
ation and case history questions which ar 
intended to be similar to those encountere 
in the MRCP Part 2 examination. Th 
high price of this small handbook suggest 
that the publishers are aware of the level c 
entry fees for postgraduate paediatri 
examinations. 


Heart Disease in Paediatrics, secon: 
edition. By S C Jordan and Olive Scot 
Postgraduate Paediatrics Series. (Pp. 382 
illustrated + tables. £19-50 hardback 
Butterworth: London. 1981. 


This book of medium size retains th 
straightforward and clear presentation c 
the first edition; the main change 
emanate from the’ advent of echc 
cardiography and newer surgical tect 
niques. It is written at a level which shoul 
appeal to general paediatricians as well a 
to trainees. 


If a mother can’t breastfeed 
Milupa now offer 
two granulated formulae 








Note 


Aptamil-for use from birth onwards Milumit — easy to mix and satisfying 











New Aptamil Milumil 

- a fully adapted baby milk -a modern modified baby 
formula that may be milk that is particularly 
preferred for the newborn suitable when baby needs 
infant where breastfeeding is a more satisfying milk 

not chosen or isn't possible. food. 


@ low sodium levels è easily digested fat content 

è adapted protein content @ amylose and maltodextrin 

@ lactose is the only in addition to lactose 
carbohydrate @ experience shows good 

@ added trace minerals acceptability 











Everyone agrees that breastfeeding gives a 
baby the best start in life, but when 
breastfeeding is not chosen or is not 
possible Aptamil or Milumil can be used 
with confidence. They meet the latest DHSS 
recommendations for the composition of 
infant formulae and are granulated for easy 
mixing and measuring. Aptamil and Milumil 
are available from your local chemist. 







For further details please contact Dept. ADC 2 
Milupa Limited, Milupa House, 
Hercies Road, Hillingdon, Middx. UB10 9NA 
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Neonatal intensive care and stress 


C H M WALKER 


Ninewe'ls Hospital and Medical School, Dundee 


Stressful situations are common to all kinds of 
intensive care! but probably the most difficult and 
stressful of all, one in which practical, moral, and 
ethica. problems abound,” 3 is that of the newborn. 
Today. so much more is known and medical 
technelogy has become so sophisticated that 
specia isation into narrower and more highly 
tecinieal fields has become necessary. Acutely ill 
babies survive very much longer, yet the number of 
appropriately trained nurses and doctors has not 
kept pace with the increase in work load. Many 
neonatal units are continually undermanned and 
substitute medical and nursing help has become 
difficult or impossible to find. Although abundant 
evidence is available,’ 4—1! and no fewer than 6 UK 
repor’s have made recommendations concerning the 
structure, staffing, and equipping of such units in 
the last 10 years,'*~'® remarkably little has been done 
to improve the lot of the doctors and nurses in 
this specialty. 


Nurses 


After the period of general training nurses may now 
choese a field of interest in which to specialise—for 
example intensive care. It will not be known if the 
irdixiduals possess the particular aptitude, 
emomonal stability, and general stamina until they 
actually take part. The turnover of nurses in 
neonatal intensive care is high? 47 and a few, even 
durmg training, recognise that they are not tempera- 
menially suited to the emergency nature of intensive 
care and do not complete the course. The illness rate 
of iatensive care staff is high and there exists a 
recegnisable ‘burn out’ syndrome in both nurses and 
coctors.!® The various factors found to be of 
sigmificance in the production of stress—patient’s 
ege. death and prognosis, need for parental support, 
work load in relation to staffing, insufficient medical 
and technical knowledge’—are all common to 
neenatal intensive care and are reason enough for 
“his finding. There is often an early ‘induction crisis’ 
oss’ although nurses leave the specialty for less 
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arduous work even after some years! 710 by which 
time one might have expected them to have become 
‘adjusted’. 

Another aspect of intensive baby care which is 
particularly stressful is the impact of the sudden loss 
of a baby,*~** 1"! particularly after a long struggle. 
On page 108 Astbury and Yu”! identify sudden death 
and clinical relapse as principal items for intensity 
of stress both for nurses and doctors. Apart from 
the disappointment felt by medical and nursing staff 
there is the emotional reaction in the parents which 
has to be thoughtfully handled. Not all nurses can 
observe or assist in the grief reaction and it must be 
realised that a regional referral intensive care baby 
unit (ICBU) has one of the highest mortality rates of 
any single hospital unit in the NHS. 

Another factor which has not been given adequate 
attention is the effect of modern training methods on 
the work load of service staff. After a while the 
trainee of the past became a useful member of the 
ward team but this is no longer so. Although trainees 
are at times used (unofficially) as ‘staff’, they are of 
little value in highly sophisticated areas of care and in 
fact constitute an extra liability. Trainees should not 
be regarded in any way as helpful in the ICBU and 
additional tutors should be provided for their 
instruction so that staff time for patient care is not 
eroded. 

It is suspected that some of these staffing problems 
relate to the experience of the nurse during training 
and the early days of responsibility as a staff nurse. 
Even the centres offering intensive nursing courses 
can be very short staffed especially at nights and 
during weekends. Thus during holiday periods or 
because of illness the work load in a busy unit can 
become intolerable. The responsibility forced on 
inexperienced nurses is unfair to them and hazardous 
to the baby, yet this happens frequently and nurses 
are deeply concerned that they are unable to give 
optimum care. 

For the foregoing reasons and perhaps because of 
an apparent increasing unwillingness among younger 
nurses to expose themselves to such stresses for any 
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length of time!’ recruitment to this specialty is 
becoming increasingly difficult. Preliminary results of 
a survey being conducted by the BPA/BAPS Joint 
Standing Committee on Paediatric Nursing indicate 
that 45% of ICBUs in the UK are currently under- 
staffed because the establishment is either inadequate 
or underfilled or both. In fact, much of the success of 
intensive care in the newborn today is due to a small 
number of dedicated nurses, often of long service 
who seem remarkably able to stay the pace and 
appear to have a special aptitude and a unique 
tolerance.’ But even they admit to becoming ‘worn 
down’ at times. 

What can be done to lessen the stress and 
encourage recruitment ? Financial incentives, already 
offered to nurses in psychiatry, are now being 
considered for other specialties. However, a 
financial lead relating to intensive baby care certifi- 
cation (in addition to paediatrics) while being very 
acceptable is unlikely to resolve the problem. Ways 
of relieving the strain for the ICBU team as a whole 
are discussed below, but for the nurses there are 
several ways in which stress can be alleviated. These 
include recognition of their levels of skill, being 
given responsibility for “a baby’ rather than a ‘task’, 
playing a more active part in deciding if the unit can 
accept more patients, especially from outside units,* © 
being present at parent counselling, having more 
understanding by senior nurses of the difference 
between intensive baby care and other forms of 
nursing, having a choice of time off and holidays, and 
even a choice of footwear.® The stress of ICBU 
administrative responsibility’ has not been recognised 
officially and senior nurses may not be able to keep 
up the pace or keep up to date. For those nursing full 
time in intensive care the option of early retirement 
without too heavy a financial penalty should be 
available. 


Doctors 


Evidence of the fatigue syndrome in both senior and 
junior medical staff has now been recorded.* !° 1 
Although senior staff, with their other duties, may 
not spend as much time actually in the intensive care 
unit the relentless load of responsibility which 
cannot be shared, the anxieties of making life and 
death decisions almost every day, and the concern 
over long-term handicap in survivors? eventually 
over the years take their toll. The signs of ‘burn- 
out’? in senior staff include preoccupation with 
activities which make them less available, over 
reliance on junior staff, inflexibility and resistance 
to change, and even at times a reluctance to visit the 
unit; some consultants who have left intensive care 


for other types of practice admit relief at having been 
able to opt out. The fact that little has been said to 
date about this in the UK could be because the 
majority of neonatologists are still young, but the 
syndrome exists and is at last being discussed openly. 

Neonatologists are under continual pressure since 
they are, together with their obstetric colleagues, the 
only specialist clinicians whose success or failure is 
constantly open to public scrutiny. While perinatal 
mortality figures should never influence clinical 
management, administrators—many of whom still do 
not appreciate how different the work of an ICBU 
is—quote these figures. They do so perhaps to the 
acute embarrassment of the paediatricians whose 
results often have little to do with their own personal 
ability or devotion. Competitiveness, which, when 
kept within bounds can be beneficial, may merely 
add to the stress since improved standards of care are 
becoming progressively harder to maintain with the 
current staffing structure and financial restrictions. 

Many consultants caring for the newborn have 
been, and some still are, single handed and the 
pressure of ‘emergency’ admissions 24 hours a day 
7 days a week is relentless. Even in fairly well- 
staffed units continual changes in junior medical 
staff mean that the unit no sooner settles into a 
routine with registrars capable of the high technical 
standards required, when they rotate or leave and the 
anxieties of training a new team start all over again. 
Rapid rotation of medical staff because of the 
training programmes and the ‘all change’ timing of 
junior staff appointments may mean that as many as 
three-quarters of the doctors on a unit may change 
on the same day and the quality of care will inevitably 
fall. This stressful period is not unique to baby care 
since all hospital units have similar problems but 
their importance is obviously much greater here than 
in most other specialties. Staggering the change-over 
period can sometimes help but it is seldom possible 
because of the NHS appointment system. Changes of 
staff periods are full of anxiety,4?° as nurses and 
doctors discover each other’s strengths and weak- 
nesses' and while the inexperienced learn the 
essentials of life-saving in labour room and nursery. 
Feelings of inadequacy lead at times to aggression 
especially in those who feel they ‘ought to know’ and 
‘be able to cope’. Thus many seniors feel obliged to 
be constantly available and Astbury and Yu! found 
conflict with family life to be a major problem.? 

The young neonatologist taking up his consultancy 
at present looks forward to some 30 years of concern 
about neonatal death and long-term handicap.* 
While the follow-up clinic brings much reward for 
the work of the ICBU team, disappointment over the 
results of intensive effort are fairly common. All 
doctors have to give bad news to patients, but there is 


something particularly tragic in having to tell parents 
that <heir baby starts life at a disadvantage. 

Where senior medical staff are concerned the 
feasi>rility of the suggestion made in the Scottish 
decument!® should be considered. In brief, this 
suggests that there should be at least 3 consultants 
carirg or babies in any regional intensive or special 
care unit. The most senior should be virtually full 
time amd in administrative charge; a second young 
consultant, who should be entirely devoted to the 
unit (mət assuming all the other duties of a 
consultant), should hold the post for a limited 
period of 4 to 5 years; and the third should devote at 
least one-third of his time to neonatology retaining 
sufficient expertise to take ‘on-call’ duty. The second 
member of this team devoting all of his time to the 
unit would be able to provide continuity of care, 
quality control, and training for junior staff, and 
would be ideally placed to engage in medium- or 
long-term research. It is believed that some of these 
consultants, at the end of this 5-year period, would 
wish to move to another field while a few would 
continue a full-time career in neonatology. In this 
way it would be possible to provide neonatology 
with an adequate number of young consultants for 
service needs and obviate undue stress falling on 
anyone during very long periods of time, as can 
occur at present. It would seem reasonable that the 
early retirement option offered to psychiatrists 
should be available to consultants who have done 
at least20 years in this specialty. 

Although junior medical staff are exposed to the 
stress of the ICBU for a fairly short time they too can 
be seen to go through several phases. The tempo and 
emergency nature of work in an ICBU is sufficiently 
unl ke their previous experience that it often takes 
them by surprise.!’ The adjustment period takes 
several weeks and sometimes considerably longer. 
Some doctors never adapt and can never be relied on 
to recognise problems in time and to act accordingly. 
They take as little part in the ward activities as 
possible and lean heavily on their colleagues.’ 
Majo> issues can develop from trivia and they are 
generally a disturbing influence on the ward. Their 
anxieties show in the development of problems with 
doctor and nurse relationships, such relationships 
being ranked highly as a potential stress factor.’ |! 
Others settle in and become valuable members of 
the team for periods differing from a few weeks? to 
several months before they show signs of ‘burn- 
ou’. Relationships begin to suffer, mistakes are 
made. record keeping and clerical work get behind 
schedule, and there is a discernible loss of enthusiasm. 
Ideal'y, the doctor who does not adapt or who 
‘burrs-out’ early should be able to rotate with his 
co leagues for respite or replacement but this is 
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seldom possible. They have therefore to be ‘carried’, 
it is to be hoped with periods of ‘recovery’, until 
their tour of duty is over. 

In the last few years much has been done to 
improve the lot of all registrars regarding time off, 
study and annual leave, but with no increase in 
establishment so that, as with the nursing staff, the 
stress for those on duty can reach unacceptably high 
proportions. In order to ensure statutory time off 
medical staff not currently assigned to the ICBU have 
to be scheduled for duty with a subsequen: loss of 
continuity of care and a lowering of the stancdards—a 
frequent source of anxiety for the nurses and the 
consultants in charge. 


The team 


Successful intensive baby care is essentially a 
matter of team work. It is not surprising therefore 
that many of the recommendations for easing the 
tension and stress affect doctors, nurses, social 
workers, health visitors, parents, and even a delegated 
psychiatrist? in small or large numbers. Mental 
health days, retreats, psychosocial rounds and case 
conferences, and ‘staff problem’ groups! 51° have 
been suggested and are regarded by some as more 
important than such practical problems as tne use of 
complex equipment. However, many also feel that 
more understanding of what was being doneand why, 
and familiarisation with the technical aspects of care 
would help.4~* 910 While adequate time off? 1° and 
well planned vacations are considered important, 
rotation of staff to other wards or to the community 
for rest periods seems of doubtful value.* ê Some do 
not want to return to intensive care® and the ‘edge’ 
and expertise may be lost, making return and re- 
training difficult. Without an increase inestablishment, 
a reduction of working hours cannot be contemplated 
since this merely puts additional stress on those who 
remain. 

Lengthy periods of study leave are not advised, 
but half-day or day release for refresher seminars 
has been found to help nurses to retain their 
confidence and keep up to date in what is still a 
fairly rapidly changing subject. For all staff, 
standardised operational guidelines help z0 ensure 
confidence that the right thing is being done.’° 

The situation has not been made any easier with 
the emergence of self-appointed groups who now 
monitor, in clandestine fashion, the care given to 
babies in hospital. No matter how well considered 
and well intentioned their actions may be, doctors 
and nurses are now continually under a threat which 
is making an already difficult task almost intolerable. 
Neonatologists are not at the present time free to 
exercise the principles and code of practice laid down 
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in the BMA’s Handbook of medical ethics and are 
having to make decisions contrary to the wishes of 
parents. 

The message seems clear: too much of the hard 
work and strain is falling on too few, who often have 
inadequate resources. The most obvious single way 
of improving the situation is to implement the 
recommendations of the BPA/RCOG Joint Liaison 
Committee (unpublished data, 1978) and the Joint 
Working Party on Standards of Perinatal Care in 
Scotland.45 We know what is needed, but to expect 
improvement without changes in staff and facilities 
is both unrealistic and unjust on those struggling to 
maintain standards, let alone improve them, Without 
change many of the foregoing suggestions for easing 
the stress cannot be realised. We either accept our 
world ranking in this field or do something tangible 
to change it! 

Much of the work of intensive baby care is of 
course satisfying and rewarding, provided one has 
not reached the point of physical or emotional 
exhaustion. We trust that in time things will improve, 
and until they do we can but hope that there are 
sufficient young men and women willing to take up 
the challenge of neonatology despite these difficult 
circumstances. 
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Annotation 


Free milk for children 


Historical background 


For many years successive governments have 
reccgnised the importance of nutrition in childhood 
and at times have intervened in attempts to improve 
nutritional standards, particularly by making 
regulations about school meals and milk for children. 

Subsidised milk was first made available for 
British schoolchildren in 1934 at a time when 
chikdhood undernutrition was common, after trials 
hac shown that children’s growth could be improved 
by daily supplements of milk.'~? One-third of a pint 
of free milk for schoolchildren was instituted by the 
Education Act of 1944, but in 1968 milk ceased to be 
provided for secondary school pupils and in 1971 free 
mil< was stopped for children aged between 7 and 11 
years, unless the children were designated in need by 
school medical officers. Now through the Education 
Act of 1980 local authorities are permitted, although 
not obliged, to provide free milk for children in 
nursery and primary education and in special schools. 

In addition free milk has been provided through 
we fare legislation. At present expectant mothers and 
all children under school age in families receiving 
supplementary benefit or family income supplement 
are entitled to 7 pints of milk a week, while children 
up to 5 years attending approved day nurseries, 
playgroups, or being cared for by approved child 
miiders receive one-third of a pint of milk each day 
they attend, irrespective of family income. 

Decisions by governments appear to have been 
influenced by economic forces and political attitudes 
rather than by scientific evidence,’ but little such 
evidence has been available. This is partly because it 
is difficult to measure the effect of modifying a single 
constituent of the diet without controlling the intake 
of other nutrients, and also because great changes 
have been made in the nutritional status of children 
during recent decades, unconnected at least directly, 
with government food policy. Although the Govern- 
ment Committee on Medical Aspects of Food 
Policy can and should sponsor appropriate research, 
it clearly is the responsibility of the medical 
profession to provide data about the nutritional value 
of milk, about nutritional need, and about the 
effects of food supplements, so that government can 
make sensible decisions. 
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Nutritional value of milk 


Milk supplies most of the essential nutrients in a 
more absorbable form and in greater amounts per 
100 ml than the majority of other foodstuffs that a 
young child may eat. One-third of a pint of milk 
(200 ml) provides 130 kcal, 6-6 g of protein, and 
220 mg of calcium; the corresponding recommended 
daily allowance for a 5-year-old child is 1740 kcal, 
43 g of protein, and 600 mg of calcium. A nutritional 
survey of preschool children in 1967-68 which was 
published in 1975° showed that in children aged 
between 24 and 43 years milk provided atout 14% 
of the daily intake of energy, 25% of protein, and 
56° of calcium, as well as a significant proportion of 
several vitamins (thiamine, riboflavine, and vitamin 
A): and that if all milk were excluded from the diet 
the children would be severely deficient in calcium, 
riboflavine, and zinc (R G Whitehead, 1981. personal 
communication). Similar findings were reported in a 
study of preschool children in Newcastle upon 
Tyne.® Thus milk is an important food for young 
children and provides an essential contribution of 
some nutrients including trace elements. 

But ingestion of milk is not completely free of 
problems. Claims that milk allergy is a common 
cause of recurring symptoms—such as disturbed 
behaviour or recurrent abdominal pain‘—have not 
been substantiated but allergy is a serious problem in 
some children® although it rarely persists after age 
3 years. Hereditary lactase deficiency, which is 
common after age 5 years in many races, is rare in the 
UK and although secondary lactase deficiency is a 
complication of several intestinal diseases, i seldom is 
prolonged.’ The risk of infection from milk can be 
prevented by pasteurisation. 

Perhaps more important criticisms of milk are in 
relation to its energy and fat content. Two hundred 
millilitres of milk contain 130 kcal. This is not much 
compared with the total calorie intake of children 
but if such an amount were taken every day in 
addition to an adequate diet, theoretically it could 
produce about 4 kg of fat in one year and therefore 
eventually lead to obesity. There are 7-6 g of fat in 
200 ml of milk, about two-thirds of which consist of 
saturated fatty acids. The importance of this is 
difficult to determine and must depend on the 
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composition of the rest of the diet. However, in the 
context of a mean daily total fat intake of between 
60 and 70 g in early childhood® it is unlikely to 
matter greatly. 

Therefore, on balance, the benefits of milk greatly 
outweigh the disadvantages and it may be 
recommended that preschool and early school- 
children continue to drink 300-400 ml of milk a 
day.” But should some of it be provided free? This 
depends on the extent of nutritional need. 


Nutritional need 


There are still unexplained apparent anomalies in 
our knowledge of children’s nutritional needs. Since 
the classical observation of Widdowson” it has been 
known that there are wide variations in the intake of 
energy and nutrients of children, and that these 
variations are compatible with normal physical 
development. More recent studies have shown that 
the mean energy intake of young children is greater 
in those from lower socioeconomic groups and large 
families than in those from small families and the 
non-manual classes. 1! '* These findings point to 
variation in need both between individuals and 
between groups from different social backgrounds.!% 

Recent studies of the nutritional intake of children 
reviewed in Inequalities in health indicate that the 
average food intake of young children in the UK is 
good.” Nevertheless, these reassuring figures are 
means, and they tend to hide the wide variations in 
the quality of children’s diets that exist. For example, 
although the energy intake of children from poor 
homes generally is adequate, many such children are 
having less than the recommended quantities of 
calcium and vitamins; moreover, the intake of milk 
has been shown to be poor in some children from 
lower income families with at least 3 children. 
There is therefore a theoretical need for supplements 
of milk to some children. Is this substantiated by 
experimental data? 


Experimental data 


During the last few years two groups have studied 
the effects of the giving of milk supplements to 
schoolchildren!®*'§ and preschool children.!® Both 
groups deliberately included an excess of children 
from poor backgrounds, the children who theoreti- 
cally should have benefited most. Despite this the 
effects of milk supplements on growth were, at most, 
slight. However, growth is a fairly crude measure of 
health and more subtle measures might have shown 
some benefit. Compared with controls the supple- 
mented children were less likely to have riboflavine 
and calcium intakes below recommended levels; and 


despite having a greater daily total milk consumption 
they did not become obese. Perhaps the extra 
nutrients had other effects. Perhaps the supple- 
mented children were more alert and active. 


Conclusion 


Before firm advice about milk supplementation can 
be given there clearly is a need for more information, 
both about the nutritional requirements of children 
in poor families and about ways of measuring 
the fine effects of nutritional deficiency. At present, 
the best advice we can give is that young children 
should drink about 300-400 ml of milk a day. To 
ensure that they do this, especially children from 
poor and large families, there is advantage in milk 
being given at nursery school or school. If the 
decision about this is left to individual local 
authorities, as it is at present, then paediatricians and 
specialists in Community medicine (Child Health) 
ought to play a part in advising them and to base that 
advice on the needs of the children in the area. 


I thank Dr R G Whitehead, Dunn Nutritional 
Laboratory, Cambridge, and Dr P C Halse, Senior 
Clinical Medical Officer, Newcastle upon Tyne, for 
information and constructive criticism. 


References 


— 


Leighton G, Clark M L. Milk consumption and the growth 
of school children. Lancet 1929; i: 40-3. 

Mann H C C. Diets for boys during the school age. 
Special Report Series No 105. London: Medical Research 
Council, 1926: 1—74. 

Milk Nutrition Committee. Milk and nutrition. Part 4. 
Reading: National Institute of Research in Dairying, 
1939. 

Anonymous. School milk and meals. Lancet 1978; i: 
974-5. 

Committee on Medical Aspects of Food Policy (COMA). 
A nutrition survey of pre-school children 1967-68. DHSS 
Report on Health and Social Subjects No 10. London: 
HMSO, 1975. 

Black A E, Billewicz W Z, Thomson A M. The diets of 
pre-school children in Newcastle upon Tyne 1968-71. 
Br J Nutr 1976; 35: 105-13. 

Crook W G. Letter: Recurrent abdominal pain. AmJ Dis 
Child 1980; 134: 326-7. 

Hill D J, Davidson G P, Cameron D J S, Barnes G L. 
The spectrum of cows’ milk allergy in childhood. Acta 
Paediatr Scand 1979; 68: 847-52. 

Lebenthal E. Lactose malabsorption and milk consump- 
tion in infants and children. Am J Dis Child 1979; 133: 
21-3. 

Widdowson E M. A study of individual children’s diets. 
Special Report Series No 257. London: Medical Research 
Council, 1947: 1-196. 

Bransby E R, Fothergill J E. The diets of young children. 
Br J Nutr 1954; 8: 195-204. 


to 


[*) 


—_ 


ou 


a 


a 


œ 


ol 
© 


~ 
a 


12 Donnet M L, Cole T J, Scott T M, Stanfield J P. Diet, 
growth, and health in infants in a disadvantaged inner 
city. In: Turner M R, ed. Nutrition and health. Lancaster: 
MTP Press, 1982: in press. 

18 Nelson M. Assessing dietary intake and its relation to 
growth in British children. Proc Nutr Soc 1980; 39: 35—42. 

14 Black D, chairman. /nequalities in health. Report of a 
research working group. London: DHSS, 1980: 321-5. 

15 Ministry of Agriculture, Fisheries, and Food. Household 
food consumption and expenditure 1977. Annual Report of 
the National Food Survey Committee. London: HMSO 
1978: 7. 

16 Cook J. Altman D G, Jacoby A, Holland W W. The 
ecntribution made by school milk to the nutrition of 
primary school children. Br J Nutr 1975; 34: 91-103. 

17 Cook J, Irwig L M, Chinn S, Altman D G, Florey C du V. 
The influence of availability of free school milk on the 


Free milk for children 91 


height of children in England and Scotland. J Epidemiol 
Community Health 1979 ; 33: 171-6. 

18 Baker I A, Elwood P C, Hughes J, Jones M, Moore F, 
Sweetnam P M. A randomised controlled trial of the 
effect of the provision of free school milk on the growth of 
children. J Epidemiol Community Health 1980; 34: 31-4. 

19 Elwood P C, Haley T J L, Hughes S J, Sweetram P M, 
Gray O P, Davies D P. Child growth (0-5 yrs), and the 
effect of entitlement to a milk supplement. Arch Dis Child 
1981; 56: 831-5. 


J M PARKIN 
The Royal Victoria Infirmary, 
Children’s Department, 


Queen Victoria Road, 
Newcastle upon Tyne NEI 4LP 


Archives of Disease in Childhood, 1982, 57, 92-98 


Munchausen syndrome by proxy 


ROY MEADOW 


Department of Paediatrics and Child Health, St James's University Hospital, Leeds 


SUMMARY Information is presented about 19 children, under age 7 years, from 17 families, whose 
mothers consistently gave fraudulent clinical histories and fabricated signs so causing them 
needless harmful medical investigations, hospital admissions, and treatment over periods of 
time ranging from a few months to 4 years. Episodes of bleeding, neurological abnormality, 
rashes, fevers, and abnormal urine were commonly simulated. Often the mothers had had previous 
nursing training and some had a history of fabricating symptoms or signs relating to themselves. 
Two children died. Of the 17 survivors, 8 were taken into care and the other 9 remained at home 
after arrangements had been made for their supervision. Study of these children and their families 
has enabled a list of warning signs to be compiled together with recommendations for dealing 
with suspected acts. The causes and the relationship of this form of behaviour to other forms of 
non-accidental injury, iatrogenic injury, and parental-induced illness are discussed. 


The label Munchausen’s syndrome was devised by 
Richard Asher to describe patients who consistently 
produce false stories and who fabricate evidence so 
causing themselves needless medical investigations, 
operations, and treatments.! It has become a well- 
known condition and can sometimes affect older 
children. 3 

The children described have parents who, by 
fabrication, have caused them innumerable harmful 
medical procedures—a Munchausen syndrome by 
proxy. 

Since details of 2 such families were published in 
19774 I have encountered 2 more families and I have 
been told of several similar cases by other paedia- 
tricians. Details on 19 children have been collected 
from 17 families with the aim of studying the 
characteristics of the syndrome and of finding 
features which may aid early detection and help for 
the families. 


Methods 


The children are ones for whom there was clear 
evidence of massive and persistent fabrication by a 
parent of both the history and the signs. Cases of 
suspected or mild fabrication are not included, nor 
are the slightly more common instances of children 
who were poisoned by a parent. However if poison- 
ing occurred as well as other fabricated acts by the 
parent the child is included. 

Three other clear cases of Munchausen syndrome 


by proxy are excluded because records were not 
sufficiently detailed. 

The information on 4 children, each from a 
different family, was obtained from my own records 
and from the notes of the hospitals and referring 
doctors. The other 15 children were notified to me 
by other paediatricians in England. Further details 
of the events, the children, and the families were 
obtained by correspondence, a questionnaire, and a 
study of medical notes and hospital records. The 
considerable detail obtained is a reflection of the time 
and trouble taken by the paediatricians. Some of 
these children have been the subjects of short 
reports or of correspondence in medical journals.°—* 

The enquiry considered the following aspects: the 
child, the ‘illness’ and its perpetration, the conse- 
quences and outcome, and the parents. In most 
cases full details were available for each aspect; in a 
few information was not sufficient for a particular 
aspect and so was omitted. Thus the results refer to 
all 19 children and all 17 families except in instances 
in which the group total is specified as being smaller 
than the full number. 


Results 
Features of Munchausen syndrome by proxy. 
The child and the illness 


The 19 children, 10 boys and 9 girls, come from 17 
families. By the time the deception was revealed the 
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ages of the children ranged from 4 months to 7 
years (mean age 3 years 2 months). 

The children had had a plethora of serious 
symp-oms and signs. Generally the features sug- 
gested a multisystem disorder, although in a few 
the features were limited to one system—for example 
the u-inary tract. The false symptoms and signs had 
persisted or recurred for an average of 13 months 
(range |} months to 4 years) until the moment of 
revelation. after which they stopped. The principal 
signs are listed in Table 1. 

Most cf the children had been seen by many 
different doctors, and had been referred from 
hospital to hospital for additional specialist advice. 
One had been examined by 28 different consultants. 
Although the initial reported symptoms and 
signs were false most of the children incurred 
secondary symptoms and signs as a result of investi- 
gations, operations, and medications. During their 
‘illness many different diagnoses had been con- 
sidered. Table 2 lists the diagnosis that was con- 


Tabe I Nature and incidence of fabricated signs 
in 1$ children 





Fabreated sign No of children 





Bleecing 12 
Heemuturia n = 7 
Hzeematemeses n = 5 
Heemoptyses n = 3 
Blood in faeces n = 3 
Erpistaxes n l 
Neurclogical 7 
D-owsiness/coma n 5 
Seizures n = 3 
Un steadimess n = 2 
Rases 
Glycosuria 
Fevers 
Biochemical chaos 
Faeculent omits 


m 


NARAD 


Table 2 Diagnosis that was considered most likely 
in +4 ehiidren immediately before the deception was 
revealed. {Porphyria and dermatitis herpetiformis were 
eartiex, or additional secondary, diagnoses) 


Se 
Provisional diagnosis 
Chronic granulomatous disease 
Diabetes mellitus 
Encephalopathy 
Leigm’s encephalopathy 
Grand-mal epilepsy 
Fituatary disorder 
Pulmonary haemosiderosis 
Renal tabular dysfunction 
Nepnhritis 
Polyarteritis nodosa 
Ulcerative colitis 
“ocd imtolerance 
Recio-vesical fistula 
Osteomyelitis 





} Porphyria (n = 4) 
Dermatitis herpetiformis (n = 4) 
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sidered most probable in the week before deception 
was revealed. Dermatitis herpetiformis and por- 
phyria had been considered in many as a secondary 
additional diagnosis. 


The perpetration. In each case the mother was the 
source of the fraudulent history and the fabricator 
of false signs. Generally most harm to the child was 
done by doctors who were investigating or treating 
the false illness. In a few cases the mother herself 
was concerned in directly harmful activity too—for 
example by giving a poison or scratching the child’s 
skin. 

The false histories were impressive in their medical 
detail and the fabricated signs were realistic. The 
methods combined cunning, dexterity, and, quite 
often, medical knowledge. 

Bleeding was generally the result of the mother 
adding her own blood to the child’s vomit, urine, or 
faeces. Sometimes blood was smeared on a young 
child’s face or perineum. The blood was usually 
obtained by the mother pricking herself but one 
mother used blood from an open thigh wound. 
Another mother stirred a vaginal tampon (during 
menstruation) in the child’s urine specimen. A few 
mothers simulated blood in a specimen from the 
child by adding paint, cocoa, or phenolphthalein. 

Faeculent vomitus was produced by a resident 
mother who kept in her cubicle a container of soft 
faeces which she mixed into the child’s vomit. 

Fevers were produced by rubbing thermometers 
or immersing them in hot liquids. 

Biochemical chaos arose from either diluting or 
adding chemicals—such as salt—to blood specimens. 
While the specimen was being altered a variety of 
tricks was used to distract the doctor who had taken 
the blood specimen. 

Rashes were fabricated in three main ways. 
(1) By rubbing the skin gently and repetitively with 
a finger nail or sharp object to obtain a bullous 
lesion ‘dermatitis herpetiformis’. (2) By applying 
caustic solutions to small areas of skin. (3) By 
painting with a dye—such as phenolphthalein. 

The neurological features were generally the 
result of the mother giving sedatives or tranquilisers 
which had been prescribed for herself, te the child. 
They were given in doses greater than hose pre- 
scribed for the mother. One mother appliec pressure 
to the child’s neck (carotid sinus pressure) to cause 
the child to have seizures. 


The consequences. All the children suffered needlessly, 
incurring long stays in different hospitals together 
with painful and damaging investigations and 
harmful treatments. One 6-year-old boy -neurred 13 
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months away from school, 5 months in hospital, 1 
month of intravenous fluids, and the following 
procedures: barium meal (2), intravenous urogram, 
skeletal survey, brain scan, lumbar puncture (2), 
electroencephalogram (2), biopsies of bone, kidney, 
and the skin. In addition he had endoscopy of upper 
gastrointestinal tract, and more than 120 vene- 
punctures. 

During the same period he was prescribed and 
given the following drugs for the alleged illness: 
prednisolone, hydrocortisone, ACTH, intravenous 
methylprednisolone, cyclophosphamide, azathio- 
prine, ampicillin, penicillin, cephaloridine, erythro- 
mycin, co-trimoxazole, fusidic acid, cimetidine, 
metoclopramide, propantheline, prochlorperazine, 
trimeprazine, chlorpromazine, _ trifluoperazine, 
hydralazine, methyldopa, frusemide, naproxen, 
aspirin, paracetamol, pethidine, and phenylbutazone. 

At the time the deception was revealed he was 
being considered for plasmaphoresis. 


Final outcome. Seventeen of the 19 children survived 
and are well. Two died, one from presumed poison- 
ing and another in uncertain circumstances while 
abroad. Of the 17 survivors, 8 were taken away from 
the family into care. Nine remained at home after 
confrontation with the parents, involvement of the 
social services, and arrangements for continuing 
supervision. Seven of these 9 children were known 
to be well and free of all symptoms at follow-up 
1—4 years later. Two children continued to be taken 
by their mothers to a variety of doctors because of 
apparently minor complaints, but neither gross nor 
harmful fabrication was taking place. 


The parents. Fifteen of the 17 pairs of parents were 
living together. Their mean age was 29 years (range 
24 to 37) at the time the fabrication was discovered. 

The present or past occupation of 16 culprit 
mothers was nurse (n = 8), paediatrician’s recep- 
tionist (n = 1), home-help (n = 1), primary school- 
teacher (n = 1), baby-food demonstrator (n = 1), 
no regular paid employment (n = 4). Only one of 
the 8 nurses was a fully qualified state-registered 
nurse. Most of the others had begun training but 
had abandoned the course because of examination 
failure. Several had, nevertheless, been able to gain 
employment with nursing duties. 

Seven of 12 mothers had a history suggesting that 
they, themselves, had some features of Munchausen’s 
syndrome. In 4 mothers these features were slight, 
but in 3 they were pronounced and persistent. 
Verity et al. described the children of one of these 
mothers as suffering from Polle’s syndrome’ (Polle 


being the child of Baron Von Münchhausen who died _ 
at age 1 year). 

Five of 10 mothers each had a history w-thin the 
previous 3 years of symptoms and signs similar to 
those which she fabricated for the child. Often their 
own symptoms had been dealt with somewhat 
cursorily by their doctor. An example was a.mother 
with dysuria and haematuria who substituted her 
urine for the child’s and caused her child to kave the 
radiological and other investigations which might 
have been appropriate for herself. 

Most of the mothers either lived in hospi-al with 
the child or visited it for long periods each day. 
Fourteen mothers were noted to be particularly 
attentive to the child. Characteristic commerts from 
the paediatric staff included ‘the mother was like 
a limpet’, ‘she would never leave the ward, even for 
a meal’, and ‘the mother stayed in hospitel for 4 
weeks and never once went outside’. Many of the 
mothers seemed to enjoy the prolonged steys and 
formed close relationships with the junior doctors 
and other resident parents. Many of the staff were 
pleased and flattered by the mothers’ complimentary 
remarks about the standard of care. 

The fathers kept a low profile. Ten out of 15 
rarely visited the children in hospital; this was 
particularly noteworthy in view of the severity of 
the children’s illness. Six of 11 had jobs which ~aused 
them to be away from home for long periods or in 
the evenings, and 2 others were considered extremely 
unsupportive to their wives for other reasons. The 
fathers did not appear to know of the fabr-cation 
and had difficulty in believing it when told. 

In 10 of 15 families there was a greater thar usual 
discrepancy between the social or the intel ectual 
grade of the parents. In each the wife either came 
from a higher social background or seemed much 
more intelligent than her husband. In 2 femilies 
the wife’s ‘superior’ status was such that her parents 
had ceased to communicate with her or her husband 
on marriage. 

In 15 of the 17 families there were other children. 
In 2 families a second child incurred Munchausen 
syndrome by proxy, and it is probable that an earlier 
prolonged mystery illness in an elder sibling was 
another example in a third family. In one family a 
sibling had suffered non-accidental injury, and in 
another a younger child had died in susp.cious 
circumstances. But in 10 families there was ncthing 
to suggest injury or mischief to either older or 
younger siblings. 


Discussion 


The children reported have suffered greatly from 


their nothers’ behaviour and the doctors’ responses. 
Three aspects deserve particular consideration as a 
better uaderstanding may lessen the chance of harm 
to children. (1) Ways of detecting the fabricated 
happenings earlier—that is warning signals. (2) 
Prompt and effective action once the syndrome is 
suspected. (3) The behavioural cause. 


Warning signals. Munchausen syndrome by proxy 
affects children under age 6 years. After that age the 
child would be likely to reveal the deception. The 
more common methods of fabrication are shown in 
Table 1. but the possibility of fabrication needs to 
be ccns:dered in any young child who has: (1) per- 
sistent or recurrent illnesses which cannot be 
explained; (2) investigation results and signs which 
are at variance with the general health of the child— 
for example fevers or blood loss when the child 
neither looks ill nor as if he is bleeding. In such 
children there is a discrepancy between the clinical 
findings and the history, and the symptoms and 
signs cdo not make clinical sense, (3) worrying 
symptoms and signs which cause experienced 
specialist doctors to remark that they have ‘never 
seen a case like it before’; (4) symptoms and signs 
which do not occur when the child is away from a 
parent ‘the mother); (5) any mother who is particu- 
larly attentive in prolonged visiting, or living in 
hospital with her child, and who refuses to leave the 
chile alone in the hospital ward even for an hour; 
(6) treatments that are not tolerated: sticking plaster 
or local treatment causing an ‘allergic rash’, intra- 
vencus drips that keep coming out, inability to 
tolerate any prescribed drug treatment because of 
vomiting; (7) a very rare disorder: Munchausen 
syncrome by proxy is less rare than certain notorious 
diso-ders—for example porphyria (for which several 
of the children had been investigated); (8) any 
mother, who despite her child’s fearful problems, 
does not seem as worried about her child as are the 
medical and nursing staff. (When I was particularly 
upset and desperate because of failing to resolve the 
problems of one child, her mother sat me down, 
gave me a cup of tea, and told me how she admired 
me ‘or trying so hard and that I ‘must not worry 
so much’); (9) ‘seizures’ that do not respond to 
carefully administered anticonvulsants. 

The presence of any of these is especially sus- 
picious if the mother has had previous medical or 
nurse ‘raining, or a history of similar illness herself. 


Action. Although as doctors we must continue to 
behave as if the mother’s story of her child is 
accurate. we must remember that sometimes the 
story $ false. We need to have a small degree of 
suspicion always. 
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if fabrication is suspected: (1) The child must be 
separated from the mother to find out if the symp- 
toms and signs occur in her absence. If necessary a 
place of safety order should be considered, and it is 
likely to be helpful to make contact with the social 
services department early. Arrangements must be 
made for an experienced nurse to collect and guard 
all specimens destined for laboratory investigation. 

(2) Check all the details of the history relating to 
the child, the family, the mother and her life. The 
general practitioner, health visitor, persons in other 
hospitals, and the mother’s past employers will be 
useful sources of information. It is common for the 
fabrication to extend beyond the child’s illness and 
for details of the mother’s schooling, employment, 
and life to be false also. Check if the mother has 
fabricated symptoms relating to herself and if she 
suffers. or has suffered, from the symptoms and signs 
she has donated to the child. 

(3) Check the story for a temporal relationship 
between symptoms, signs, and the parents’ presence. 

(4) Keep specimens for detailed investigation. 
Collect them on admission and whenever the child is 
‘ill’ or the symptoms recur. For toxicological assay 
large volumes may be needed—for example at least 
50 ml urine collected in a container without added 
preservative, and 10 ml blood in a heparinised tube. 
Complete samples of vomit should be saved. A 
useful toxicological screening programme has been 
outlined by Rogers et al. in relation to deliberate 
poisoning of children.’ 

(5) Check and check again the reliability of the 
signs. Check that the rash does not wash off with water 
or spirit, that the blood really is blood and that it is 
the child’s. A local haematology or blood trans- 
fusion laboratory may be able to differentiate blood 
of the child from that of the mother but the police 
regional forensic laboratory will be accustomed to 
this sort of work and has more sophisticated 
techniques. 

(6) Enrol psychiatric help (I regret putting this as 
a low priority; but in relation to the cases in this 
paper psychiatric help seems to have been of limited 
value). 

Once the suspicion is confirmed the plan of action 
is similar to that for a child with non-accidental 
injury. It has to be decided if the child should be 
removed from the family, or can remain there under 
supervision. Of the children reported, 9 of the 17 
surviving children continued to live at home and 
have progressed satisfactorily. In some zases the 
child would not have been allowed to stay at home 
had the forensic evidence been sufficient to make 
certain of a court care-order for removal of the child. 

Eight of the children were taken into care, and all 
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except 2 of the remaining families were confronted 
with their deception. But the extent of the con- 
frontation varied. In some instances the doctor tald 
the mother that her deception had been uncovered, 
and that if further deception occurred the police 
might be called in. In other cases the doctor told the 
parent that since the child was coming to harm in 
his present environment the social services had been 
requested to keep a check on the child and to advise 
whether the child would be healthier and safer 
elsewhere. In several cases the management was 
complicated by the fact that the deception was un- 
covered in a regional centre to which the child had 
been referred from a peripheral unit. The continuing 
management and supervision was sometimes entirely 
based on the peripheral! unit. 

After confrontation the troubles ceased. One of 
the 2 children who died had gone back to a mother 
who was not confronted directly. In that case those 
who referred the child doubted our findings and 
conclusions, and though I thought that the mother 
suspected that we knew of her deception there was 
no direct confrontation. The mother and child 
returned to their home town where further investi- 
gations were undertaken. When the child died 
(probably poisoned) the mother wrote a letter 
thanking me ‘for understanding’ and then took an 
overdose. My sense of failure led me to favour 
direct confrontation, and in 2 subsequent instances 
I have told the mother that I knew and understood 
what she is doing. Neither mother has admitted it 
nor has she specifically denied it. Her response has 
been ‘Why on earth would I do that ?’. However, the 
troubles have stopped and the children have made 
miraculous recoveries. With one of these families the 
social services and the police were involved and the 
mother greets me in a very superficial and evasive 
way when the child is brought for regular checks. 
With the other family outside agencies were not 
needed and the family doctor now supervises the 
family. The children are growing up healthily. The 
mother has told false stories to the neighbours about 
the cause of her daughter’s long illness and the 
nature of the cure in Leeds. She wrote recently ‘I 
will forever thank God and you’. Nevertheless the 
fact that confrontation has produced apparent cure 
in some cases does not ensure that it will always 
achieve that, nor does confrontation necessarily 
resolve what must be an extremely disturbed and 
complex mother-child relationship. 


The behavioural cause. The result for the children 
was non-accidental injury, yet these children and 
families differ in several ways from the more 
common cases of non-accidental injury in our 


region. The parents are older and there is not the ` 
usual preponderance of social classes IV and V 
families living in poor homes. The cases are more 
similar to deliberate poisoning of a child by a parent, 
and in some of the cases reported in this paper 
poisoning was one of the several actiors taken by 
the mother. The possible reasons for parents 
poisoning their children have been well d:scussed.® 1° 

It would be naive to seek a single cause for the 
harmful behaviour of these mothers. For some the 
child’s illness brought about a closer relationship 
with the husband; for others it seemed to provide 
welcome distraction from personal and home 
difficulties. Several of the mothers thrived on the 
children’s wards. They seemed to love .t, bustling 
round helping other mothers, helping the nurses, 
and forming close relationships with the junior 
medical staff. They made the medical steff feel that 
the paediatric service was really good! For the 3 
mothers who themselves had marked Munchausen’s 
syndrome the abnormal behaviour at firs: spilt over 
and then engulfed the child. 

For some it seemed to be a bizarre game in which 
they matched themselves against the best specialists 
and the best hospitals they could find. As one problem 
wes resolved another would be created. The common 
nursing and medical background was privilezed in- 
formation for the game they created. They knew the 
rules, and also the stereotyped respanses of doctors. 
Most of the ex-nurses had failed their course; it could 
be suggested that some were determined to defeat 
the system that had defeated them. The rprepon- 
derance of nurses and the way in which some of the 
mothers thrived while resident on a good paediatric 
ward lends support to the adage that the desires to 
nurse and be nursed are closely linked. It is relevant 
that adults who indulge in self-mutilation and 
deliberate disability often have been nurses.“ 
Therefore, it seems that nurses anc former nurses 
are at risk for damaging themselves and their child- 
ren with the result that either they cr ther children 
incur needless hospital admissions and investigations. 

Most of the mothers seemed caring and loving 
with their children. They did not appzar cruel, 
negligent, or uncaring. It was not possible to obtain 
details of early experiences and family life for each 
mother, but for those for whom such information 
was available there seemed no excess of deprivation 
or institutional life. Moreover, those morhers who 
were referred to a psychiatrist tended to emerge 
without a diagnostic label; this is pres.mably a 
refiection of the difficulty of defining ncrmal and 
abnormal] personality for we would all agree that the 
mother’s behaviour had been abnormal. 

It was the doctors who injured the ch:Idren the 


most. Doctors behave in stereotyped ways—a 
symptom or sign is matched by an investigation or 
treatment. We still behave as if missing an organic 
cause fora complaint is the greatest sin. It is not. It 
is far worse to batter a child to near death with 
investigations and treatment when the problem is 
the mother’s behaviour. We should develop broader 
shoulders on which to bear the knowledge that we 
might miss some organic diagnoses, learn to tolerate 
uncertainty and unresolved problems, and remember 
the vista of behavioural variation. This need is as 
great. if not greater, for child psychiatrists as it is 
for paediatricians. 

Many mothers exaggerate the details of their 
child-en’s illness to ensure more prompt or better 
medical help. Is Munchausen syndrome by proxy 
one end of that spectrum? It may be so, for some 
of the actions described in this paper share similarities 
with the many less striking and more common cases 
one enceunters: mothers who seem reluctant to let 
their children grow up and be independent, who 
keep them away from school for long periods be- 
cause of colds, headaches, or some minor symptom, 
or who continually remind their children of symp- 
toms wiaich if left unmentioned would soon be 
forgottea. Eisenberg has referred to the masquerade 
syndrome in which mothers use small childhood 
complaints to keep their children at home.!*? Such 
chilchoed complaints seem minor to the doctor and 
he may miss the fact that they are a masquerade 
for the real problem of prolonged school absence. 
Most of us are familiar with those mothers; to 
me they have seemed extremely similar in personality 
and benaviour to the mothers in Munchausen 
syndrome by proxy. With older children there 
is often some complicity between mother and 
child and one of them initiates the deception while 
the other helps it to persist. Similarly there is likely 
to be complicity with older children in some cases 
of Munchausen syndrome by proxy. We strongly 
suspected this to be the case with a 6-year-old boy, 
since seme of the fabrication could not have been 
ach eved by the mother without his assistance. 

How common is Munchausen syndrome by 
proxy? It is certainly more common than reports 
suggest. Six of these children are from Yorkshire 
and so the number of cases occurring in Britain 
during the same period is likely to be at least 60. 
Moreover, recent reports from America confirm 
that it is not merely a British disease.!*-!’ Goethe 
wrote “We see only what we know’. As doctors we 
recognise only what we know to be possible. Now 
that we know Munchausen syndrome by proxy 
exists we may recognise it more readily. 

The doctors who have encountered these families 
will net forget them. Most of us will feel saddened 
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and perhaps ashamed of our repeated investigational 
and therapeutic assaults on the children, the result 
of us following our usual practice of trusting the 
mother and trying to help. The cases will stand out 
in our memories like warning beacons and should 
help us to detect the rare cases of deliberate decep- 
tion faster. The same warning beacon should also 
illuminate and remind us of the thousands cf child- 
ren who undergo unpleasant investigations because 
of behavioural problems that have not been identi- 
fied, and the multitude who have unnecessary 
operations to remove appendices, tonsils, adenoids, 
and foreskins, because parents exert pressure which 
doctors fail to resist. 

In recognising that a few mothers, by extreme 
fabrication, lead us to harm healthy children with 
our management, we should also become more 
aware that, even when the parents and doctor have 
great integrity, the potential hazards of our manage- 
ment for children with common problems are 
considerable. 


Addendum 


Since this paper was accepted for publication I have 
been informed by paediatricians of 6 more English 
children who have suffered Munchausen syndrome 
by proxy. In one case the parents were the chief fund 
raisers for the paediatric unit; hospitals can be a 
strong (and dangerous) addiction. I remain in- 
terested in hearing about other new cases. 

RM 
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Huntington’s chorea 


Report of 3 cases and review of the literature 
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SUMMARY Three cases of Huntington’s chorea with onset before age 10 years are reported. Each 
child presented with rigidity and indistinct speech, and there was progressive deterioration. Necropsy 
examination confirmed the diagnosis in 2 of them. A review of reports showed a further 43 cases 
with onset before 10 years. The rigid variety of disease was seen most often, but isolated chorea and 
isolated progressive mental deterioration occurred. Fits were common but occurred late and were 
often difficult to control. Dysarthria was common and occurred early. The duration of illness was 
very variable and ranged from 2 to 38 years. Symptoms can occur in a child before appearing in the 


affected parent who is most likely to be the father. 


Affected siblings develop the disease early, often 


in the first decade. Siblings of patients with onset before age 10 years who are unaffected by age 25 
years had only an 8% chance of developing the disease, compared with a 50% chance in unselected 


at risk individuals of the same age. 


Huatington’s chorea (HC) is a disease which is more 
common in adults than in children. The cardinal 
features of the disease were first documented by 
George Huntington in 1872! and consist of the 
dominant inheritance of a progressive disease with 
gradual onset of chorea or a tendency to insanity 
and suicide, or both of these, which manifest 
themselves in adult life. We report 3 patients in 
whom the onset was in the first decade of life, and 
rev ew the clinical and genetic features of a further 
43 cases gleaned from reports. 


Case reports 


Case 1. This white girl had been born after a normal 
pregnancy at term by normal delivery; birthweight 
was 3:37 kg. Her early development had been normal. 
The mother and a 4-year-old sister are both well. 
There was a family history of HC affecting our 
patient’s father (onset at age 32 years, still alive), 
patermal grandmother (onset at age 28, died aged 
32 years), the grandmother’s sister, and one of her 
two children. The father was examined and the 
diagnosis confirmed. 

The patient was referred by her general practitioner 
jus: before her fifth birthday because of continual 
falling and stiffness. She had always been slightly 
clumsy, but during the previous year she had fallen 
mere eften, and had made little effort to save herself. 
Six months earlier she had been referred for speech 


therapy because of hesitant, indistinct speech. On 
examination she was withdrawn. Her speech was 
indistinct and monosyllabic. There was no chorea or 
ataxia. Her muscle tone was normal when relaxed 
but increased intermittently. Her gait was generally 
normal but she walked at times in a stooped position 
like an elderly person. 

By age 6 years, her speech was more hesitant and 
she had reverted to the frequent use of shert mono- 
syllables. She preferred to crawl when inccors, but 
she was able to walk although falling frequently. 
She was occasionally incontinent of urine and had 
developed temper tantrums. Her appetite had 
deteriorated and she had difficulty in swallowing 
solids and liquids, managing best with a straw. She 
was no longer able to dress herself. She was still 
making slow progress with reading but was unable to 
write as clearly as previously. On examination at this 
stage she had developed evidence of chorea affecting 
her upper limbs and fingers. Her speech was dys- 
arthric and hesitant becoming quieter as the phase 
progressed. She had developed pronounced cog- 
wheel rigidity with decreased tendon refiexes. Her 
gait was still stooping but was more hesistant and 
there was a paucity of associated movement similar 
to that of Parkinson’s disease. Her eye movements 
showed a limitation of rapid following, most 
pronounced vertically. Her electroencephalogram 
(EEG) was very abnormal with paroxysmal bilater- 
ally synchronous spike and slow-wave complexes of 


100 Osborne, Munson, and Burman 


maximal amplitude over the occipital areas. Com- 
puterised tomography (CT) (Fig. 1) showed atrophy 
of the caudate nucleus and small cortical sulci. 
Haloperidol had a temporary effect in improving the 
speed and clarity of her speech. A subsequent trial 
of baclofen had no effect, although she had 2 
grand-mal fits for the first time. 


Case 2. This white girl had been born at 41 weeks 
after a normal pregnancy. The second stage had been 
prolonged but the delivery was normal; she weighed 
3-52 kg. There had been no neonatal problems. Her 
early development was normal. Her father had 
developed HC while in his twenties and he is now 
aged 48 years. She has one 21-year-old brother and 
one 18-year-old sister; both are well. The two 
paternal uncles and one paternal aunt all developed 
HC and their father had died in his fifties of HC. His 
mother had died at age 70 with ‘chorea’. 

On starting school the patient had been referred to 
a child psychiatrist by the school health service. 
During the previous year she had begun to fall and 
had been unable to join in games at school. She had 
become quiet and withdrawn and had developed 
temper tantrums. Her IQ showed a performance 
level of 92 with an overall score of 71, showing that 
the verbal score was very low. An EEG was within 
normal limits. During the next 5 years her condition 
gradually deteriorated. Her speech became more 
indistinct and her writing more spidery. She tired 
easily and developed a peculiar gait which was said 
to be like that of her father. At age 10 years she had 
an immobile facies and she stooped. She laughed 





Fig. | 
of the anterior horns of the lateral ventricles owing 
to flattening of the caudate nucleus. 


(Case 1.) CT scan at 7 years shows dilatation 


inappropriately and had dysarthric speech. She had 
visible choreic movements and a plastic rigidity of 
her limbs. The reflexes were sluggish and the plantar 
responses extensor. Her EEG at this age was still 
normal. She was sent to a special school tor handi- 
capped children at age 12 because of her physical 
handicap, and she had lost the ability to walk by age 
13. She died at 14 years. 

Necropsy examination showed a thin wasted body. 
The skull and dura were normal. The braim weighed 
1000 g. There was a suggestion of cortical atrophy 
affecting all lobes but the cortex was not unduly thin. 
The corpus striatum was severely atrophic and the 
caudate nucleus consisted only of a narrow rim of a 
brownish tissue alongside the lateral ventricie. The 
putamen was also reduced to a quarter of its normal 
size. The globus pallidus was shruken but not as 
severely as the caudate and the putamen. The 
thalamus and other central grey structures were 
normal. Histological sections confirmed very severe 
cell loss in the caudate and putamen, with almost 
total disappearance of small neurones while a few 
large nerve cells remained. There was considerable 
proliferation of glial cells but glial fibres were not 
prominent except in the subependymal region of the 
caudate nucleus. 


Case 3. This white boy had been born by normal 
delivery at term after a normal pregnancy; he 
weighed 3-80 kg. There were no neonatal problems. 
His early development had been normal. His father 
and paternal grandmother were diagnosed as having 
HC after he presented although the father’s 
symptoms developed before those of his som. He was 
referred by the school health service at age ® years 
4 months because of a 12-month history of lack of 
progress at school. He had developed an unusual 
gait with his right arm flexed at the elbow while his 
hand lay apparently useless by the side of his chest. 
He would use his left hand to open a door end his 
right one to close it. He had become clumsy and his 
efforts at co-ordination had not improved. 

On examination his gait was as described and he 
seemed terrified of falling. His speech was dysarthric 
and hesitant. The right leg was weak and the reflexes 
in this leg were increased and the plantar response 
was extensor. 

An EEG showed a very irregular record. There 
was a 9 cycle per second posterior rhythm with much 
random intermediate slow activity. There were 
frequent spiked discharges independently in post- 
central leads on both sides. There was no obvious 
asymmetry. At age 9 years he and his brother 
developed a viral meningitis, after which he developed 
status epilepticus and died. 

The brain was examined at necropsy by the late 


Dr Merman at the Burden Neuropathological 
Laboratory. He reported ‘this confirms HC showing 
all the classical features just like the adult, except 
that the cortex does not seem to be much affected. 
There is considerable atrophy of the caudate 
nucleus and putamen’. 


Review of reports 


A review of reports in English showed a further 
43 children with symptoms of HC before age 
10 vears.2-22 Cases were accepted if there was a 
fam ly history of dominant inheritance of symptoms 
of He. The earliest reported case was in 1880,'° 
eight years after Huntington's original report. 


Type ef disease. it is well known that there is a 
clin cal variant of HC in which the predominant sign 
is rigidity; this is particularly common among those 
affected early. This rigid variety is often called the 
juvenile or Westphal variant.2*> Of the 46 patients, 
26 clearly had the rigid variant. Three had a mixed 
disease with rigidity and chorea, and 9 had a 
predominantly choreic illness. In 3 cases details were 
lackimg and in 3 others behavioural problems were 
the major cause of illness. A further 2 children 
preseated with non-specific progressive mental 
deteneration. 


Fits. Fits are often mentioned as being common in 
chikin with HC. Of the 46 children, 13 had grand- 
ma’ fts only, one child had grand-mal with petit-mal, 
7 had grand-mal and myoclonic or astatic fits, and 
one kad myoclonic or astatic fits only. Two children 
hac photosensitive fits, one of whom also had 
myvelonic or astatic fits. Five patients had not had 
fits 2nd fits were not mentioned in 17 cases. 


Speeeh. Speech defects are common, and in 33 of the 
46 patients a speech disorder was mentioned. 
Dysarthria occurred in 30 cases, slow or hesitant 
speech in 7, and monosyllabic speech in 7 cases. One 
patient had a stammer. 


Duration and age of onset. The age at onset ranged 
from 3 to 9 years and was equally distributed 
throwghout these ages (Fig. 2). The duration of 
illness ranged between | and 25 years in the 25 
children known to be alive at the time of reporting 
with a mean of 5} years (Fig. 3). The duration of 
illness in the 19 children known to have died ranged 
from 2 to 38 years with a mean of 9-3 years (Fig. 4). 
Thus although the duration of illness ts generally 
shorer than in an adult, it is unpredictable and one 
chile who was affected at age 8 lived long enough to 
bear an affected child and was still alive at age 
33 years.!” 
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Fig.2 Age at onset is equally distributed throuzaout 
the first decade, after the first 2 years. 
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Fig.3 Duration of illness in the 25 children still 
alive at the time of reporting. 


æ N WW & 


Number of cases 





1 > 3 4 S 6 7 8 9 
Duration of illness (years) 


56 17 


Fig.4 Duration of illness in the 19 children who 
were known to have died. 


There was a report of a child affected before the 
parent developed signs and symptoms of the disease.’ 
This phenomenon can occur even in patients 
presenting as adults.4 A more frequent occurrence is 
the presentation of a child with neurological symp- 
toms before the disease had been diagnosed in a 
symptomatic parent. This occurred in Case 3. 


Affected parents. The 46 affected children came from 
32 families and they all appeared in the same 
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generation except for the one case already mentioned. 
There were therefore 33 affected parents (27 fathers 
and 6 mothers). The difference if compared with the 
sex ratio of affected children (23 males and 23 
females) is highly significant (using Yates’s cor- 
rection, x2 = 7-06, P is less than 0-01). 

The age at onset in the affected parent was known 
in 19 instances and the mean age was 28-1 (witha 
standard deviation (SD) of 9-1 years). Although the 
numbers are small, the mean age at onset in the 14 
affected fathers was 32 years (with an SD of 6-4 
years), while for the 5 affected mothers it was 
16-5 years (with an SD of 5-2 years). The fathers had 
an average of 3-4 children and the mothers an 
average of 2 children. 


Siblings. It is important for genetic counselling to 
know what happens to the siblings of affected 
children. Data were lacking in one family, so 
31 families were analysed. There was a total of 103 
children born to 32 affected parents. Forty-eight of 
these 103 are known to have been affected at the time 
of reporting and this is close to the expected figure of 
50% for any dominantly inherited disease. Only 3 of 
the affected siblings developed symptoms after the 
first decade: one at 14, one at 24, and one at 26 years. 
There were 13 affected siblings of probands who 
developed symptoms before age 10 years. These data 
show an 8% chance of a 25-year-old unaffected 
sibling of a proband with onset before age 10 years 
ever developing the disease compared with the 
nearly 50% risk in unselected at risk individuals of 
the same age. 


Discussion 


The diagnosis of HC is straightforward in the child 
of a known affected parent. Normal parents do not 
rule out the diagnosis which is difficult to make if the 
family history is covert. Chorea is not obligatory 
even before death and some authors have suggested 
a new name—Huntington’s disease. Dementia, 
rigidity, and psychiatric symptoms may each be the 
predominant feature. Severe behavioural disorders 
may be caused by the social problems surrounding 
these families,*4 or may be a feature of the disease. 
Sydenham’s chorea has been reported as occurring 
during the childhood of some adults who later 
developed HC. ** Isolated chorea in the child of an 
affected or at risk adult may therefore not be due to 
HC. A CT scan showing caudate atrophy is not 
diagnostic in isolation® but must be supported by a 
family history of HC and clinical signs. It has been 
suggested that caudate atrophy shown by CT scan 
may precede symptoms in adults but this is not yet 
proved.2” Each of our 3 patients had a positive 

family history and typical signs and symptoms, and 


the diagnosis was confirmed by necropsy examination 
in 2 of them and by the CT scan in the third. The 
lesion is similar to that found in the adult.© Investi- 
gations in our 3 children did not show anv other 
disease. 

Fits occurred in more than 80% of those cases in 
whom it was mentioned and in 50% of the total, but 
at least one family was revealed because of tne fits. 
The fits generally occurred late in the course of the 
disease and were often difficult to control. This may 
be related to the type of seizure since myoclonic or 
astatic fits were common. Speech defects ere equally 
common but occur early, frequently beng the 
presenting symptom. Ocular signs have not been 
reported previously in children but are a wel—known 
feature in adults.28 Voluntary and reflex repid eye 
movements are impaired while slow ocular fcllowing 
movements are preserved. Such voluntary. move- 
ments were impaired in Case 1 but were not noted in 
the other 2 cases. 

As in adults the duration of illness is unpredictable 
for the individual, but it tends to be shorter in 
childhood. The predominance of affected fethers is 
highly significant and had been noted previously. 
It has been suggested that there is a sex-linked factor 
in the inheritance of Huntington’s chores, but 
this may partly be owing to a sampling er-o7.*! Our 
data show that early onset fathers have more 
offspring than early onset mothers. There may also 
be a tendency for very early onset fema_es not to 
procreate: this would cause an even higher incidence 
of affected fathers. This effect has not been found in 
adults with onset before age 30 years.** The earlier 
age at onset in affected mothers compared with 
affected fathers suggests that the factors infloencing 
age at onset are more dominant if the affected 
parent is male, 

The data presented here suggest tha: affected 
siblings of children with onset of HC before age 
10 years have a very early onset too, oftem before 
10 vears of age. The data might be biased by the more 
frequent reporting of families in whom all affected 
children presented early, but the occurrence of 2 
affected children born of an affected <ather by 
different wives® confirms age at onset as an irherited 
factor. It has been previously noted that zhe age at 
onset varies less within families than betweem them‘* 
and that the average age at onset is earlier the earlier 
the onset in the affected parent.*? 


Since writing this report the sister of Case-1, now 
aged 5 years, has developed signs of HC. 


We thank Dr B M Laurance for permission to 
report the third case, Dr B Brownell for n=cropsy 
data on the second case, Dr G Thompsen for the 


CT scan on the first case, and Mrs V Libbiter for 
secretarial! assistance. 


P M was supported by an O R L Wilson scholarship 
award from the Royal College of Physicians. 
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Febrile convulsions: intellectual progress in relation to 
anticonvulsant therapy and to recurrence of fits 


J ALDRIDGE SMITH AND SHEILA J WALLACE 
Department of Child Health, Welsh National School of Medicine, and University Hospital of Wales 


SUMMARY One hundred and fifteen of 121 children consecutively admitted to hospital, each with 
his first febrile convulsion, were subsequently assessed on the Griffiths’s mental development scales 
during a period of 24 months The effect of anticonvulsant medication on intellectual development 
was studied in 50 of the 73 children without recurrence of convulsions who had either continuous 
phenobarbitone, continuous sodium valproate, or no drugs during the 24-month period. The effect of 
further fits was studied in 42 of the 115 children who had recurrences. Children with further febrile 
convulsions showed a decrease in Griffiths’s development quotient between the initial and 24-month 
assessment, whereas children with no subsequent fits showed a trend in the reverse direction. The 
increase in Griffiths’s development quotient in children with no subsequent fits was found irre- 
spective of whether the children were on anticonvulsant medication, but there was a non-significant 
tendency for this increase to be greatest in the group without drugs. The present study suggests 
that further fits after an initial febrile convulsion are likely to be more detrimental in terms of 
overall intellectual development than continuous medication with either phenobarbitone or sodium 
valproate. If the decision to treat is based on the risk of further fits, the present study supports 
continuous anticonvulsant medication if this risk is significantly increased, until the child is past 
the vulnerable period. In children at low risk of further febrile fits, intellectual development may be 
better if drugs are avoided. 


When contemplating the use of anticonvulsants in the 
prophylaxis of febrile convulsions, it is important to 
consider the possible effects on the developing 
nervous system both of recurrent fits and anti- 
convulsant drugs. 

Severe neurodevelopmental sequelae are reported 
in some series! but others have stressed the 
apparently benign nature of recurrent febrile con- 
vulsions.” In some circumstances repeated fits with 
fever presage later epilepsy.°-? Phenobarbitone!’-!* 
and sodium valproate!*~!® have both been shown to 
reduce the recurrence risk significantly. Unacceptable 
side effects are common with phenobarbitone!?~!® 
and there is some suggestion that prolonged admini- 
stration might have a deleterious effect on intellectual 
development.” The possibility that sodium valproate 
has a slowing effect on mental development has been 
suggested.”! No report has considered the effects of 
repeated febrile convulsions and the use of anti- 
convulsants. 

The present longitudinal investigation was 
designed to examine prospectively the intellectual 


development of any child admitted to hospital with 
a first febrile convulsion during the 24 months from 
the time of his initial fit. Throughout a 2-year period 
during which no further fit occurred, children who 
received continuous treatment with phenobarbitone 
or sodium valproate are compared with those who 
received no anticonvulsant. The effects of recurrent 
fits on development are examined. 


Patients and methods 


A consecutive series of 121 children admitted to the 
five paediatric units in Cardiff and Newport between 
April and December 1976, each witha first convulsion 
associated with a fever of at least 38 C, was identified. 
The age range was 6 months to 5 years. 

Between 2 and 3 weeks after the initial convulsion 
and before anticonvulsant therapy was considered, 
an initial detailed psychological assessment was 
performed. This included the use of the Griffiths’s 
mental development scales.**** The children were 
then allocated by one of us (SJW) to a treatment 
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regimen. The parents of those with at least one 
factor giving a significant risk of recurrence”? were 
advised alternately to give their children continuous 
phenobarbitone or sodium valproate. All other 
childrem were advised sequentially to take pheno- 
barbitone, sodium valproate, or no drugs. Even 
ameng those considered at high risk of another 
convulsion, there were parents who were unwilling 
to give regular anticonvulsants. Thus the groups 
eventually receiving phenobarbitone, sodium 
valproate, or no treatment were comparable for 
factors considered to carry a risk of recurrence of 
seizures. The phenobarbitone dosage was 4-5 mg/kg 
per day, and that of sodium valproate 20-30 mg/kg 
per day. The clinical psychologist was not informed 
of the treatment group to which each child had been 
allocated and continued to work ‘blind’ throughout 
the study. Blood anticonvulsant levels were checked 
by the physician immediately after each psychological 
testing. 

One hundred and fifteen of the total group were 
followed up with repeated comprehensive psycho- 
logical assessments for 2 years. The 6 children from 
whom full details were not available did not differ 
significantly in any baseline respect from the 115 for 
whom the information was complete. 


Results 


The data have been analysed using an analysis of 
variance followed by between-group comparisons 
using the least squares difference (LSD) and Scheffe 
procedures.* 


Anticonvulsant effects. During the 24 months after 
the first convulsion 73 of the 115 children had no 
subsequent fits. Of these, 50 had either the same 
drug or no drugs throughout the entire period. 
Thirteen received sodium valproate continuously 
(that is sodium valproate was present in the blood at 
each of the 5 times of testing—namely 2 to 3 weeks 
after starting treatment and at 6-monthly intervals 
up to 24 months after a fit), 16 received pheno- 
barbitene continuously, and 21 had no drug. The 
other 23 of the 73 children had changes in their 
anticonvulsant regimens throughout the 24 months. 
If ne subsequent fit occurred, no significant 
differences in Griffiths’s development quotient 
(GDQ) were found either initially or 24 months later 
between the children who had been on sodium 
valpreate continuously, those who had been on 
phenobarbitone continuously, and those who had 


*A probability of P<0-05 for the LSD procedure is equivalent 
to a? test probability of P<0-05 anda probability of P<0-05 
fo- the Scheffe procedure is equivalent to a ż test probability 
of 0-01.25 
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Table | Griffiths’s development quotients of 50 children 
with no subsequent fits and anticonvulsant status 
unchanged over 24 months 








Treatment InitialGDQ 24-month GDQ F-ratio 
—— probability* 
Mean SD Mean SD 

Sodium valproate 

(n=13) 113-8 13-3 115-9 14-2) 
Phenobarbitone | 

(n= 16) 103-9 20-7 106-1 21-5{ 0-231* 
No drug (n=21) 106-7 13-9 113-5 15-3) 
F-ratio probability 0-258 0-268 


No group was significantly different from any other (LSD, Scheffe). 
* Across all groups: initial and 24-month testings. 


received no anticonvulsant. There was a non- 
significant rise in GDQ across all groups, but this 
was greatest in the no drug group (Table 1). 


Further fits. When the 42 children who each had had 
at least one further fit were compared with the 73 
who had not. there was no significant difference 
between the two groups on the initial assessment of 
GDQ. However, at 24 months, although children 
who had recurrences still had a mean GDQ within 
the average range, they had significantly lower 
GDQs than those who had had a single fit (Table 2). 
This difference was investigated further according to 
number of further fits. The 42 children with further 
fits were subdivided: 25 had one further fit, 10 had 
two further fits, and 7 had at least three further 
fits. These three groups are compared with the 
children who did not have a further fit (Table 3). The 
large standard deviation of the mean GDQ for the 
children with three or more further fits was owing to 
the presence of Case 55 who was very severely 
physically and mentally handicapped. Comparisons 
with this child excluded are therefore shown at the 
bottom of Table 3. 

On initial assessment of GDQ the group with no 
recurrences is significantly different from the group 
with three or more further fits (LSD P<0-05) but 
the latter group does not remain significantly 
different if Case 55 is excluded. None the less, their 
mean GDQ still holds the lowest rank position. 

In terms of change in GDQ over 24 months the 
group with no further fits showed ar increase, 


Table 2 Griffiths’s development quotients in 115 children 
with or without recurrence of fits 











Subsequent fits Number Initial GDQ 24-month GDQ 
of children 
Mean SD Mean SD 
Absent 73 106-5 16-9 109-2* 18-7 
Present 42 100-9 21-1 96-S* 20-0 
F-ratio probability 0-003 


*Difference between groups significant (Scheffe P <0-05). 
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Table 3 Griffiths’s development quotients in 115 
children without recurrence of fits and with one, two, 
or at least three recurrences 


ŘS 











Number of Number Initial GDQ 24-month GDQ 
recurrences of children — 
Mean SD Mean SD 

None 73 106-54 16-9 109.2 18-7 
One 25 101-9 16-5 100-1f 15-4 
Two 10 109-1 14-1 100-2 14-1 
Three or more 7 85-6} 35-9 81-0*+ 33-6 
Three or more 

(excluding Case 55) 6 98-0 15-6 93-2+ 10-6 
F-ratio probability 0-000 


Difference between groups significant (LSD P - 0-05). 
Compared with 24 months after no recurrence, difference significant 
*Scheffe P<0-05, {LSD P<0-05. 


whereas all the groups with further fits showed a 
decrease in score. 

At 24 months the differences between the group 
with no recurrences and the groups with at least 
three recurrences are significant (entire group, 
Scheffe P<0-05; excluding Case 55,LSD P<0-05). 
The GDQ difference between the no recurrence 
group and the one further recurrence group is also 
significant (LSD P<0-05). The mean group GDQs 
show that at 24 months the group with no further 
fits had the highest mean GDQ (109-2), the groups 
with one and two further fits intermediate scores 
(mean GDQ 100-1 and 100-2 respectively), and the 
groups with three or more further fits the lowest mean 
GDQs (81-0 (entire group) and 93-2 (excluding 
Case 55) ). 


Discussion 


The clearest finding from this clinical study is that 
those children with subsequent fits show a decrease in 
GDQ between initial and 24-month assessment, 
whereas children with no subsequent fits—whether 
or not on anticonvulsant medication—show a 
trend in the reverse direction. 

The effect of anticonvulsant medication itself in 
children with no subsequent fits is less clear. On the 
one hand, there is no significant GDQ difference 
across drug and no drug groups, on the other, the no 
drug group shows the greatest rise in GDQ during 
the 24 months. Few other studies have reported 
on the intellectual effects of the prolonged use of 
phenobarbitone and sodium valproate. Camfield 
et al. cautiously suggested that prolonged admini- 
stration of phenobarbitone might have adverse 
effects on cognitive abilities. Trimble*! from a 
retrospective study in children with severe seizure 
disorders on multiple drug regimens, suggested that 
sodium valproate might have a slowing effect on 
mental development. The present study lends 


tentative support to the suggestion of these two 
studies that prolonged continuous medication with 
phenobarbitone and sodium valproate may lead to 
slightly less than optimal intellectual development. 

With regard to the effects of recurrent fits, results 
of previous studies are conflicting. Ellenberg and 
Nelson® described recurrent seizures as unharmful. 
However, in their study the children were chosen on 
the basis of normality of their siblings and availability 
at age 7 years, and the comparison of intelligence 
levels before and after recurrent attacks was com- 
plicated by the use of different scales at initial and 
final testing. Schiottz-Christensen and Bruhn,”® in 
their study on twin pairs discordant for febrile 
convulsions, give evidence in support of the adverse 
effect of the convulsions themselves. In the present 
study some of the numbers are small and the results 
not conclusive, but at 24 months, in addition to the 
significant difference between the no further fit 
group and the three or more recurrence group, the 
trend for the no recurrence group to have the highest 
GDQ, the one and two recurrences groups to have 
intermediate scores, and the three or more 
recurrences group to have the lowest GDQ score, 
suggests that further fits may, indeed, be adversely 
affecting development. Although the possibility is 
not excluded that factors which might predispose to 
another seizure?’ might also predispose to lower 
levels of intellectual development, the finding that 
GDQ falls with recurrence(s) and increases with no 
subsequent fit implicates the seizures themselves as 
adverse factors for intellectual development. 

In conclusion, the present study suggests that 
subsequent fits after an initial febrile convulsion are 
likely to be more detrimental in terms of overall 
intellectual development than continuous, pro- 
longed (2 years) medication with either pheno- 
barbitone or sodium valproate. Provided there are no 
further fits there is some indication that anti- 
convulsant medication may lead to slightly less than 
optimal intellectual development. In terms of 
treatment, different approaches for children at high 
and low risk are indicated. For children at high risk 
the present study supports continuous anticonvulsant 
medication until the child is past the vulnerable age. 
For those at low risk the present evidence suggests 
that treatment without the use of anticonvulsant 
drugs should be considered. 


We thank the paediatricians in Cardiff and Newport 
who allowed us to study their patients, and Mrs D 
Dupres for secretarial assistance. 


Reckitt-Labaz and the Medical Research Fund of the 
University Hospital of Wales provided financial 
support. 
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Determinants of stress for staff in a neonatal 
intensive care unit 


J ASTBURY AND V Y H YU 


Department of Paediatrics, Queen Victoria Medical Centre, Melbourne, Australia 


SUMMARY Components of stress for 22 paediatric consultants and 29 nursing sisters working in 
neonatal intensive care units were studied. Ten situations! were rated for their intensity of stress and 
their frequency of occurrence. For intensity of stress, significantly more paediatric consultants rated 
the competing demands of personal life versus work as highly stressful, than did nursing sisters. For 
frequency of stress, significantly more paediatric consultants rated 4 situations as frequently 
occurring than did nursing sisters (priorities of care, understaffing/overwork, personal life versus 
work, condition of outborn infants). However, significantly more nursing sisters found problems in 
working with their peers a frequently occurring stress than paediatric consultants. Total scores 
calculated for intensity and frequency of stress showed that although the overall intensity of stress 
experienced was similar, paediatric consultants had a significantly higher mean score for frequency 


of stress than nursing sisters in the neonatal intensive care unit. 


During the last 10 years, several reports have 
appeared in the medical and behavioural science 
literature on the psychological impact of working 
in a neonatal intensive care unit (NICU).*~* The 
cumulative stress derived from working in an NICU 
has even been given a name, ‘burnout’, by Marshall 
and Kasman? who define it as ‘the loss of motivation 
for creative involvement’. 

While there has been consensus that the environ- 
ment of the NICU is stressful, explanations of what 
constitutes that stress have been diverse. Stress has 
been attributed to the physical and emotional 
availability of staff to families 24 hours a day as a 
result of open visiting policies. It has been linked to 
the complex ethical dilemmas over prolongation of 
life made possible by a burgeoning technology. It 
has been said to be caused by the dual demands 
imposed by under-staffing and overwork, producing 
what one researcher called the ‘dumped-on’ syn- 
drome.® Other contributing factors mentioned have 
been the lack of role definition for NICU nurses 
and the resulting conflicts over decision-making and 
responsibility; the difficulty of keeping up with a 
constantly changing technology and medical body of 
knowledge concerning neonatal intensive care, when 
a failure to do so directly threatens self-esteem and 
perceived competence; and the stress produced by 
the physical environment of an NICU, with its 
distinctive noises, lights, sights, and smells. Over- 
riding all these factors, the staff may experience a 


constant anticipation of crisis, so that ‘quiet’ times 
in the unit are not experienced as relaxing, but as 
uncomfortably empty and tense preludes to the next 
inevitable time of stress. 

Studies undertaken so far into the stress associated 
with working in an NICU have concentrated on 
nursing staff and they have been descriptive and 
impressionistic, with an emphasis on clinically-based 
notions of coping with stress. The preponderance 
of descriptive studies over empirically based ones 
has left a number of questions unanswered. There 
exists the curious situation of coping strategies 
being recommended, in the absence of data on 
exactly what staff in an NICU find stressful or 
exactly which situations create coping difficulties. 
The present study was designed to answer the 
following questions. Is there a hierarchy of import- 
ance among factors cited as stressful? Do different 
personnel—for example, nursing sisters and doctors 
—have divergent views on what is stressful in an 
NICU ? Are events or situations stressful because of 
the intensity of stress they arouse, the frequency with 
which they occur, or both? 


Subjects and method 


The participants in the study were 22 paediatric 
consultants from 17 NICUs around Australia, and 
29 NICU nursing sisters from the Queen Victoria 
Medical Centre. Twenty of the 22 consultants were 
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male, woereas all the nursing sisters were female. 
Their average time spent working in an NICU was 
56 months. Fourteen consultants were working 
full-time as neonatologists in the NICU and 8 were 
working part-time in neonatal paediatrics. 

Ten situations previously reported as stressful! 
were adapted for use in a questionnaire which 
respondents rated on a 4-point scale, from least to 
mos: stressful, after reading expanded verbatim 
quotes related to each of these areas of stress. 
Situations were judged for (1) the intensity of stress 
they areused and (2) the frequency with which they 
occurred. The use of this 10-item questionnaire 
allowed paediatric consultants’ and nursing sisters’ 
responses to be compared on individual items, as 
well es their mean scores for overall intensity and 
frequency of stress to be calculated. Statistical tests 
for differences between paediatric consultants and 
nursing sisters were carried out using ¢ test and oy 
test 28 appropriate. 

The 1) items rated for intensity and frequency of 
stress were presented in the following order. They 
were. (1) ambivalence to parents, (2) priorities of 
care, 3)doctor/nurse conflict (nurse/doctor conflict), 
(4) understaffing/overwork, (5) doctor/doctor (nurse / 
nurse) problems, (6) sudden death/relapse of an 
infent, (7) insecurity regarding competence and 
knowlecge, (8) impact/shock of sights and smells, 
(9) personal life versus work, and (10) condition of 
outbomn infants brought in. 

In addition to filling in the questionnaire which 
Was sent Out to the participants, they were asked to 
provide 3 recent accounts of stress which they had 
personally experienced while working in an NICU. 
Thus the individual’s experience of stress, as well 
as -he group of which he or she was a member, could 
be taken into account. Furthermore, any important 
omissions in the questionnaire would be revealed by 
the md vidual reports of stress. 


Results 


The rank order of items when rated for intensity of 
Stress for paediatric consultants and nursing sisters 
is Shown in Table 1. The percentages refer to the 
proportion of subjects rating items as moderately 
or highly stressful. The rank order of items when 
raced for frequency of stress is shown in Table 2. 
The percentages refer to the proportion of subjects 
rating items as recurring often or almost continuously. 


D fierences between paediatric consultants and nursing 
Sisters. For intensity of stress, only one of the 10 
comparisons was statistically significant. Paediatric 
consultants perceived the competing demands of 
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Table 1 Rank order of items for intensity of stress 
RN 
Consultants B 


9 


A Nursing sisters A 








(1) Nurse/doctor conflict 75-9 
Understaffing/əver- 


(1) Sudden death/relapse 86-4 
(2) Personal life versus work 72-7 


Understafling/over- work 75-9 
work 72-7 Sudden death / 
relapse 75-9 
(3) Doctor/nurse conflict 59-1 (2) Nurse/nurse proslems 65-5 
Condition of outborn (3) Priorities of care 62-1 
infants 59.1 
(4) Priorities of care 50-0 (4) Condition of outborn 
infants 58-6 
(5) Doctor/doctor problems 45-5 (5) Personal life versus 
work 41-4 
(6) Insecurity regarding (6) Ambivalence to 
competence 40-9 parents 34-5 
(7) Ambivalence to parents 36-4 (7) Insecurity regarding 
competence 27-6 
(8) Impact of sights ‘smells 22-2 (8) Impact of sights*smells 17-2 


Table 2 Rank order of items for frequency of stress 


o 


Consultants A Nursing sisters 





(1) Nurse/nurse problems 34. 
Personal life versus 

work 34-5 

(2) Nurse/doctorcenfict 31-0 


(1) Personallife versus 

work 77-3 
(2) Understaffing/overwork 63-6 
(3) Condition of outborn 


A 


infants 45-5 (3) Understaffing/cver- 

(4) Priorities of care 27-3 work 24.1 
Doctor /nurse conflict 27-3 (4) Condition of outborn 

(5) Sudden death/relapse 22-7 infants 20-7 

(6) Impact of sights/smells 11-1 (5) Insecurity regarding 

(7) Ambivalence to parents 9.1 competence 13-8 
Doctor/doctor problems 9-1 (6) Sudden death/rzlapse 10-3 

(8) Insecurity regarding (7) Priorities of care 6-9 
competence 4-5 (8) Ambivalence toparents 3-4 


Impact of sights, 
smells a 





personal life and work to be more stressful than did 
nursing sisters (y? = 4:96 with 1 df, P = 0-02). 

For frequency of stress, 5 comparisons were 
Statistically significant. For only one of these com- 
parisons did nursing sisters rate frequency of stress 
more highly than paediatric consultants. The former 
reported problems with their peers more frequently 
than the latter (y? = 4:48 with 1 df, P = 0-03). 
The 4 items paediatric consultants rated as more 
frequently stressful than nursing sisters were 
priorities of care (y? = 3-9 with 1 df, P = 0-04), 
understaffing/overwork (7? = 8-05 with 1 df, P = 
0:004), personal life versus work (y? = 9-19 with 
1 df, P — 0-002), and condition of outborn infants 
(x° = 3-56 with 1 df, P = 0-05). 

Mean scores for intensity and frequeney of stress 
for paediatric consultants and nursing sisters showed 
that there was no significant difference between the 
two groups for intensity of stress. However, there 
was a highly significant difference in their mean 
scores for frequency of stress (paediatric consultants 
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22°04 + 3-34 (mean +SD), nursing sisters 19-13 + 
3-83, t = 2-89, df = 47, P = 0-006). 


Individual reports. Reports from individual paediatric 
consultants and nursing sisters confirmed the findings 
of the questionnaire by emphasising the stress 
associated with understaffing/overwork, nurse/ 
doctor conflict, the sudden death/relapse of an 
infant, and the condition of outborn infants brought 
in. From these individual reports the nurse/doctor 
conflict which dominated the nursing sisters’ stresses 
appeared to be between nurses and resident or 
registrar staff rather than paediatric consultants. 
However, additional sources of stress were also 
identified. Paediatric consultants and nursing sisters 
both commented on the stress associated with (1) 
trying to support the parents of and care for a 
child with an alternating prognosis, (2) the ethical 
problems related to the appropriate length or 
intensity of treatment, (3) avoidable trauma to the 
infant, and (4) administrative problems. Consultants 
also commented on the difficulty of deciding the 
limits of their responsibility in the nursery. 

Four paediatric consultants and 3 nursing sisters 
described having difficulty coping with the alternat- 
ing prognosis of acute deterioration and unexpected 
recovery of an infant. Individual reports covered 
the following situations: an infant who was born 
alive when parents had been told he would be still- 
born; telling parents that an infant would not survive 
the night but who was still alive the next morning; 
and an infant who showed a sudden improvement 
in his condition against all expectations. They found 
that parents became hostile towards them if reports 
and predictions about the infant’s outcome vacillate, 
because they could not give parents the definite, 
once-and-for-all prognosis they hoped to hear. 

Four paediatric consultants and 3 nursing sisters 
reported the constant stress related to the appro- 
priate amount and length of treatment—terminable 
and interminable. This was summed up by one 
paediatric consultant who wrote of the conflict 
over withdrawing or withholding life support 
mechanisms when dealing with acute or chronic 
situations. He asked, ‘Does the patient have a right 
to die versus a right to live?’ 

Another area of stress shared by paediatric con- 
sultants and nursing sisters related to what they saw 
as avoidable trauma to the infant. Two paediatric 
consultants and 2 nursing sisters gave relevant 
examples. A salient feature of this stress was the 
feeling of impotence and anger preventable iatrc- 
genic problems provoked. 

Five paediatric consultants and 2 nursing sisters 
described stress that they attributed to admini- 


strative decisions which directly affected the quality 
of care in the NICU, but which were made by those 
lacking understanding of its working environment 
and patient care requirements. 

A further source of stress mentioned by 4 
paediatric consultants but none of the nursing sisters 
concerned the limits of their responsibilizy. There 
was an anxiety over loyalty to their paediatric 
registrars (especially if their competence was in 
doubt) and to peers in another speciality. such as 
obstetrics, when this loyalty was in conflict with 
what was perceived as the best interests of an infant 
and his family. Finally, 3 paediatric consultants 
described the stress of trying to combine service, 
administrative, and teaching commitments with 
worthwhile clinical auditing and research. 


Discussion 


The findings of the present study into the stress 
associated with working in an NICU, help to clarify 
the relative importance of various types of stress in 
terms of their intensity, their frequency, and their 
differential impact on paediatric consultents and 
nursing sisters. 

The results reveal the existence of a very definite 
hierarchy among the 10 events or situations rated 
for intensity of stress. At the top of the hierarchy, 
with more than 70% of the total sample rating them 
as highly stressful, were the problems of under- 
staffing/overwork and the sudden death/relapse of 
an infant. Close in importance to these were nurse/ 
doctor conflict, priorities of care, and the condition 
of outborn infants. At the other end of the hierarchy, 
with 40% or less of the sample finding them as 
highly stressful, were ambivalence to parents, 
insecurity regarding competence/knowledge and, 
least of all, the impact of sights/smells which only 
22% of the paediatric consultants and 17° of the 
nursing sisters rated as highly stressful. The large 
degree of agreement between paediatric consultants’ 
and nursing sisters’ ratings was also shown by the 
fact that their ratings differed significantly on only 
one item. Paediatric consultants found more stress 
accommodating the dual demands of perscnal life 
and work. Significant by its unimportance botk for 
paediatric consultants and nursing sisters is the stress 
related to ambivalence or conflict with parents. This 
suggests that the increased parent/staff contact made 
possible by open visiting policies is not a major 
contributor to stress in the NICU. 

For frequency of stress, there were 5 significant 
differences in the ratings for paediatric consultants 
and nursing sisters. One of these, the conflicting 
demands of personal life and work, headed the list 
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of items rated for frequency of stress by paediatric 
consultants. This stress therefore operates at both 
an acute and chronic level for paediatric consultants. 
This might be related to the fact that on-call periods 
for paediatric consultants could range from a week- 
end to up to a week, with often frequent recalls back 
to the NICU, in contrast to the regular shift work 
to which nursing sisters are rostered. The 3 other 
items paediatric consultants rated more highly than 
nursing sisters for their frequency—understaffing/ 
overwork, priorities of care, and condition of out- 
born mfants—all interact and multiply overall 
stressfulness. The greater frequency with which 
paediatric consultants experienced stress was also 
revealed by their significantly higher mean scores on 
the 10 items measured. In fact, nursing sisters rated 
only one item, that of finding problems with their 
peers, as significantly more frequent in its occurrence 
than paediatric consultants. However, this finding 
may Oaly indicate that nursing sisters, by virtue of 
the r greater numbers in the NICU, do have peers, 
while paediatric consultants do not or have fewer to 
relate to. 

Several additional sources of stress were revealed 
by the individual reports. While each area of concern 
outlined in these reports produced stress, this stress 
could result from quite different forms of psycho- 
logica! response. Thus, with unexpected recovery of 
an infant, the stress was derived from feelings of 
shock or even embarrassment, while the stress 
related to the morality of prolonged treatment was 
dependent on feelings of emotional and intellectual 
ambivalence, and the stress felt about avoidable 
trauma in an infant was mainly characterised by 
straig wtforward anger. Clearly then, while stress is a 
common end point, its contributing elements can 
range over a broad psychological spectrum. 

The only central theme in these reports of stress 
and ane which also illuminates the questionnaire 
findings, is that of control and predictability on the 
one kand and lack of control and unpredictability 
on the other. Thus, the physical environment of the 
N CU, which is a predictable given in the working 
lives of staff, is perceived by them as the least stressful 


item on the questionnaire probably because it is 
constant and is therefore amenable to desensitisation. 
However, events characterised by their unpredict- 
ability, such as sudden death or unexpected recovery 
of an infant, inevitably arouse stress in staff who 
cannot predict such events and can never therefore, 
emotionally inoculate themselves against them. 
Paediatric consultants can deal with the problem of 
‘burnout’ by concerning themselves with less urgent 
paediatrics and delegating to other doctors—for 
example, to senior registrars. There is nothing 
equivalent for NICU nursing sisters who experience 
a higher turnover rate. Finally, there are situations 
over which staff feel they have no control and which 
consequently arouse stress derived from feelings of 
impotence and powerlessness but which are in reality 
amenable to change. Most important here is the 
dual conflict of understaffing/overwork and asso- 
ciated administrative problems. It is to these joint 
problems that programmes designed to reduce stress 
in an NICU could most profitably be directed as 
many apparently personal and psychological diffi- 
culties mentioned by staff stemmed directly from the 
onerous demands of their working conditions. 
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Mortality rates and neonatal intensive care for very 


small babies 
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SUMMARY Mortality rates of very small babies (those weighing 1500 g or less) born to mothers 
normally resident in the 11 health districts of the London portion of the North-east Thames Health 
Region in 1971-73 and 1975-77 were compared with admission rates to neonatal intensive care 
units in 1972 and 1976 in the region. There was no significant correlation between mortality and 
admission rates for babies weighing 1000 g or less during either period. For babies born weighing 
between 1001 and 1500 g this was also so in 1972. In 1976 however, mortality rates were significantly 
correlated negatively at 24 hours but not at 28 days with admission rates to neonatal intensive 


Care. 


There has been much discussion about the import- 
ance of neonatal intensive caret- on the survival of 
very low birthweight babies. Reynolds?! has 
repeatedly maintained that since about 1965, when 
intensive care became more universally available, the 
proportion of small babies surviving has increased. 
Others argue that although there has been an overall 
improvement in survival rates,” the contribution 
that sophisticated neonatal care makes is 
doubtful.+— 5 § 

A policy of regional organisation of intensive 
care services for very small and sick babies has 
developed in this country during the last decade." 
In recent years there have been pronounced changes 
in the number of very small babies admitted and an 
increase in their lengths of stay.}* The high level of 
technology and skills devoted to neonatal intensive 
care has resulted in the provision of one or two 
centres for each health region, each centre serving a 
population of between 2 and 4 million. A dis- 
advantage of such a concentration of services is that 
babies born in inaccessible parts of a region may 
make less use of the services. 

To establish whether there are local disparities in 
the use of neonatal care services, and if there are 
differences in overall mortality rates for very small 
babies born in districts with varying utilisation rates 
of neonatal intensive care, admissions to such care in 
one region—the North-east Thames Health Region— 
have been reviewed. 


Methods 


There are two neonatal intensive care units in the 


region—one at The London Hospital (Whitechapel) 
with 12 cots, and the other at University College 
Hospital (UCH) with 18 cots. Details of eazh baby’s 
birthweight and the mother’s home add-ess were 
obtained for every baby admitted to the units during 
1972 and 1976 from the ward record books. Details 
of age at admission could not be obtained as age was 
not consistently recorded at both units. Babies born 
to mothers normally resident outside the region were 
excluded. 

For all districts the number of babies of very low 
birthweight, and the number of deaths in the first 
24 hours and within 28 days were obtained for the 
years 1971-73 and 1975-77 from community health 
returns (LHS 27/1). Mortality rates were analysed 
separately for babies weighing 1000 g and less, and 
for babies weighing 1001-1500 g at birth. 

A questionnaire was sent to all consultants at each 
of the 19 special care baby units to find out which 
neonatal intensive care units were being used by 
paediatricians and whether there had teen any 
changes in practice between 1972 and 1976. 


Results 


Answers to the questionnaire were received from 
17 of the special care baby units in the region. These 
showed that most paediatricians at special care baby 
units referred babies to either UCH (9) or The 
London (5) for neonatal intensive care. Three of 
these 14 said they only occasionally transferred 
babies as they considered they themselves were able 
to provide most forms of intensive cace. One 
paediatrician said he never referred babies elsewhere. 
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Table 1 Survival rates of babies weighing 1500 g or 
less adnrtted to neonatal intensive care units in the 
North-east Thames Health Region 1972 and 1976 * 


EE 
Neonatal intensive care unit 


Both hospitals 








The London 




















University 
Hospstal College 
Hospital 
1972 1976 1972 1976 1972 1976 
P VA P pA P eA P eA P a P yd 








7/18 39 38/82 46 16/35 46 66/102 65 23/53 43 104/194 54 
<< DLL 
P = umber of survivors/total admissions. 
*Developed from data extracted from 
admission books at the two hospitals. 





neonatal intensive care 





Consultants at two hospitals in Essex said they 
normally approached the unit at Addenbrooke's 
Hospital, Cambridge. Because of this, it was decided 
to limit the analysis of utilisation to the Greater 
London part of the region (Fig. 1). Admission rates 
were calculated for babies weighing 1000 g and less, 
and for those weighing 1001-1500 g, for these 11 
districts. 

For babies transferred from special care baby units 
in these districts, it was stated that when referrals 
were made it was as a first or second choice to the 
two regional units. There was said to have been no 
change in the units approached in 1976 compared 
with 1972. but it was felt that it had become more 
difficult to get a baby admitted. 

Survival rates of very small babies (those weighing 
1500 g or less) admitted to the two units have 
increased (Table 1). At UCH this improvement is 
statistically significant (0-05 >P>0-01). However 
these changes might be partly due to the admission of 
a greater number of less severely ill babies. 

When babies born to mothers normally resident in 
the 11 districts of the north-eastern part of Greater 
London are considered, the percentage of babies of 
very low birthweight admitted to intensive care has 
increased strikingly, from 9% in 1972 to 57% in 1976 
for babies of 1000 g or less at birth, and from 14 to 
55% for babies weighing 1001-1500 g (Tables 2 and 
3). The birthweights of babies admitted to intensive 
care from these 11 districts in the region during 1972 














Table 2 Live births+, deaths within 24 hourst and 28 days*, and admissions to neonatal intensive care for babies 
weighing 1000 g or less by health district, Greater London part of North-east Thames Health Region 
Heauwa district 1971-73 1972 1975-77 1975 

Live Deaths within Admitted for Live Deaths within Admitted for 





























births intensive care births intensive care 

24 hours 28 days 24 hours 28 days 

No pA No % No HA No pi No yA No yA 
Barking 13 10 76-9 12 92-3 0/5 (0) 12 7 58-3 12 100 0,5 (0) 
Can cen 21 Ii 32:4 18 85-7 1/7 (14-3) 19 4 21-1" 17 89-5 66 (100) 
City and Hackney 63 45 71-4 SI 81-0 4/23 (17-4) 45 26 57:8 38 84-4 73 (87-5) 
Enfield 20 14 70-0 20 100 0/8 (0) 12 5S 41-7 10 83-3 33 (100) 
Har ngey 33 10 30:3**t+ 25 75.8 0/7 (0) 24 14 58-3 20 83-3 18 (12-5) 
Haverines 21 9 42-9 16 76-2 0/5 (0) 11 10 90-9 11 100 0⁄3 (0) 
Islington 14 5 35-7 8 57-1 1/6 (16-7) 16 11 68-8 13 81-3 34 (75-0) 
Newham 39 27 69-2 33 84-6 0/10 (0) 28 15 53-6 25 89-3 46 (66-7) 
Redbridge 28 14 50-0 23 32.1 1/14 (7-1) I8 10 55-6 15 83-3 24 (33-3) 
Tower Hamlets 13 6 46-2 & 61-5 2/3 (66-7) 12 § 41-7 10 83-3 3,3 (100) 
Wa'tham Forest 26 21 80-8* 22 84-6 O/II (0) 23 16 69-6** 20 87-0 3,3 (100) 
All north east London 291 172 59-1 236 8I-I 9/99 (9-1) 220 123 55-9 191 86-8*** 3756 (57-1) 
England 4819 2905 60-3 3831 79.5 NA 3797 2129 56-1 2941 US NA 


ce dc RSS 


+Figures obtained from DHSS, Local Health Statistics 27/1. 


tFigures taken from admission books, neonatal intensive care units at The London Hospital and University College Hospital. 


not available. 
P—0-05: ** 0-001 <P 


NA 
*0- D1 


0-01; *** P<0-001 when the value is compared with the relevant England figures. 
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Table 3 Live births}, deaths within 24 hourst and 28 days*+, and admissions’ to neonatal intensive care for babies 
weighing 1001-1500 g by Health District, Greater London part of North-east Thames Health Region 






























































Health district 1971-73 1972 1975-77 1976 
Live Deaths within Admitted for Live Deaths within Admitted for 
births intensive care births intens.ve care 
24 hours 28 days 24 hours 28 days 
No pA No pA No pA No vA No na No ve 
Barking 34 13 38-2 19 55.9 0/12 (0) 30 9 30-0 15 50-0 1/7 (14-3) 
Camden 42 9 21-4 17 40-5 §/13 (38-5) 50 4 8-0* 9 18-0* 814 (57-1) 
City and Hackney 63 14 22-2 26 41-3 6/23 (26-1) 57 5 &* 18 31-6 12,16 (75-0) 
Enfield 50 13 26-0 20 40-0 1/18 (5-6) 43 5 11-6 11 25-6 5,5 (100-0) 
Haringey 75 12 16-0* 22 29-3* 0/17 (0) 47 6 12-8 12 25-5 6,16 (37-5) 
Havering 42 9 21-4 I8 42.9 0/19 (0) 20 3 15-0 5 25-0 16 (16-7) 
Islington 47 7 14-9 19 40-4 4/18 (22-2) a5 2 5-7* 4 11-4** 7/8 (87-5) 
Newham 70 21 30-0 32 45.7 2/28 (7-1) 65 8 12-3 25 38-5 11/27 (40-7) 
Redbridge 23 S 21:7 6 26-1 0/10 (0) 27 3- Ji-i 5S 18-5 6/11 (54-5) 
Tower Hamlets 39 10 25-6 21 53-8 8/13 (61-5) 43 0 ọ0*è*t 7 16-3* 17/20 (85-0) 
Waltham Forest 35 15 42-9* 16 45-7 0/14 (0) 48 7 14-6 21 43-8 5/143 (38-5) 
All north east London 520 128 24.6 216 41-5 26/185 (14-1) 465 52 11-2%** 132 28-4** 79/142 (55-2) 
England 9209 2515 27-3 3957 43-0 NA 7809 1586 20-3 2711 34-7 NA 
+Figures obtained from DHSS, Local Health Statistics 27/1. 
tFigures taken from admissions books, neonatal intensive care units at The London Hospital and University College Hospital. 
NA = not available. 
*0-01<P<0-05; **0-001 <P<0-01; ***P<0-001 when value is compared with the relevant England figures. 
and 1976 were similar (Table 4). Mortality rates for 100 
babies weighing 1000 g or less were similar to those for ] 
the rest of England in 1972 at 24 hours and 28 days q Havering 
and at 24 hours in 1976, but were significantly worse - 
at 28 days in 1976 (P<0-001). For the larger babies 
(1001-1500 g at birth) the mortality rates in 1972 Istington ` 
= Waltham Forest 
= 4 Barki 
a S j ma e Redbridge e nd 
. ° ° » = | q 
Table 4 Comparison of birthweights of babies born, g Newham he 
weighing 1500 g or less, to women normally resident 2 
in the north eastern quadrant of Greater London and g 40 Ertiele® Tower 
admitted to neonatal intensive care at The London or f ave 
University College Hospitals, 1972 and 1976 
Birthweights Number of babies admitted to neonatal 
(g) intensive care 
1972 (n = 35) 1976 (n = 111) 
<801 3 14 20 40 60 80 00 
801- 900 2 9 Admission rates (*/.)to neonatal intensive care 
901—1000 4 9 
1001-1 100 4 21 Fig.2 Death rates at 24 hours compared with 
rd A H admission rates to neonatal intensive care (1976) for 
1301-1400 3 14 babies born weighing 1000 g and less (1975-77). 
1401--1500 12 16 





x? = 3-19, 3 df P>0-2 Because of small numbers y? was used for the F ORT E i r 
following birth groups: <901, 901-1100, 1101-1300, and 1301-1500g. WETE also similar to those for the rest of England at 


Median birthweight: 1972: 1200 g. both ages. In 1976 the survival rates were significantly 

1976: 1130 g. g =. ne S iasa 

Median birthweight of babies weighing 1000 g and less: better at 24 hours (P 0-001 ) and at 28 days 

1972: 900 g. (0-01 >P >0-001) (Tables 2 and 3). The two districts 

eee bp 840 ie ae, in which the neonatal intensive care units are located 
edian birthweight of babies weighing -1$ z, e ° . 

1972: 1393-5 g. - have significantly better survival rates at both 


1976: 1239 g. 24 hours and 28 days for the larger babies. 


Mortality rates and neonatal intensive care for very small babies 


There was no correlation in 1972 between ad- 
mission rates to neonatal intensive care and survival 
at 24 hours and 28 days for either birthweight group. 
This was the case also in 1976 for the smaller babies 
(Figs 2 and 3) but for babies weighing 1001 to 1500 g 
there was a correlation ofr = —0-73 at 24 hours, and 
r — —0-60 at 28 days (Figs 4 and 5); the correlation 
was statistically significant (0-02>P>0-01, 9 df) 
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i Newham eamden 
2 = Waltham Forest e 
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Admission rates (°/.) to neonatal intensive care 
Fig. 2 Beath rates at 28 days compared with admission 
rates to neonatal intensive care (1976) for babies 
born weighing 1000 g and less (1975-77). 
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Fig. 4 Death rates at 24 hours compared with 
admizsiow rates to neonatal intensive care (1976) for 
babies born weighing 1001-1500 g (1 975-77). 
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for survival at 24 hours but 
(0-10 >P>0-05, 9 df). 


not at 28 days 


Discussion 


There have been notable developments in neonatal 
care during the last decade,'? and studies have 
shown that special care baby units are not equipped 
to provide the necessary highly specialised ere 
The impact of neonatal care on reducing community 
mortality rates of very small infants has been 
questioned.'~* 5 ê The present study however relates 
local survival rates to different levels of admission to 
neonatal intensive care. Higher survival rates for 
babies born in north-eastern London, weighing 
between 1001 and 1500 gat birth in 1976 were signifi- 
cantly associated with higher admission rates to 
neonatal intensive care. No correlation was shown 
between mortality and admission rates to intensive 
care for babies born weighing between 1001 and 
1500 g in 1972, or for babies weighing 1000 g or less 
in 1972 or 1976. 

This investigation has not been able to establish 
the importance of the speed with which admission is 
made, and the care available during transfer to neo- 
natal intensive care because such information was not 
available for both units. It has been shown elsewhere 
that small and sick babies can be safely transported 
in specially equipped ambulances for fairly long 
distances,!? although outcome is better if transfer 
occurs in utero)” 

There are large discrepancies in admission rates to 
neonatal intensive care of small babies. If greater 
benefit is to be attained, as has been advocated,'? it is 
important that policies of care should be agreed. 
As such services are truly regional, it is desirable that 
there should be regular surveillance and assessment 
to ensure that very small babies are speedily trans- 
ferred to suitable units, and their outcome should 
be monitored. 


We thank the staff of the neonatal intensive care 
units and the paediatricians in charge of the special 
care baby units in the North East Thames Health 
Region for co-operation, Professor J N Morris for 
constructive criticism, and Miss Jane Cooper for 
statistical advice. 
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Bronchial hypersecretion in preterm neonates 


Y C WONG, C S BEARDSMORE, J H MEEK, J STOCKS, AND M SILVERMAN 


Department of Paediatrics and Neonatal Medicine, Institute of C hild Health, Hammersmith Hospita!, London 


SUMMARY During an 18-month period, 11 preterm infants with birthweights between 700 and 1560 g 
(mean 1:2 kg) developed excessive tracheobronchial secretions during intensive care. No single 
obstetric factor was incriminated. Copious, viscous, tracheobronchial secretions were noted at about 
5 days during mechanical ventilation via endotracheal tube causing recurrent segmental collapse, 
hypoxia, and hypercapnia (median peak Pco, 13:5 kPa). All infants were treated with frequent 
bronchial lavages and continued intermittent positive pressure ventilation, together with high 
concentrations of oxygen. No infant died, but morbidity was high. Tracheostomy was performed on 
2 irfants (one at age 3 months, because of severe croup) and 2 others had clinical or physiological 
evidence of upper airways narrowing. Follow-up studies showed that this group had more problems 
of airways obstruction throughout the first year of life as well as increased lung stiffness. The 
hypersecretion group showed a higher incidence of chronic lung disease. Likely aetiological factors 
were sought. Contamination of the mechanical ventilation equipment by detergent and activated 


glutaraldehyde was found; this could have been a contributory factor. 


Although recurrent bronchial obstruction and 
endotracheal tube blockage are common during 
neonatal intensive care, there is no comprehensive 
report of the problem. We report here the clinical 
features, management, and outcome of 11 very low 
birthweight infants who all suffered from the effects 
of excessive tracheobronchial secretions. 


Clinica! features 


During an 18-month period, 11 infants of very low 
birthweight (the largest weighed 1560 g) who were 
admitted to the neonatal intensive care unit, 
Hammersmith Hospital, developed a similar pattern 
of recurrent airways obstruction associated with 
apparently excessive tracheobronchial secretions, 
necessitating repeated bronchial lavage and mechan- 
ica ventilation. They were compared with a control 
grcup of 11 infants matched only by birthweight 
and the need for mechanical ventilation in the 
neonatal period. Mechanical ventilation was 
instituted when lesser forms of respiratory support 
had failed to prevent severe hypoxia, hypercapnia, or 
persistent apnoea. Patients and controls were 
studied in detail only after recovery from their acute 
phase, so this report deals only with survivors, and is 
no: am epidemiological study of tracheobronchial 
hypersecretion in the newborn. There were no 
obvious obstetric difficulties in the study group, nor 
did the clinical features of the study and control 
groups differ significantly (Table 1). In both the study 


and control groups, 10 of the 11 infants were white 
and the remaining infant was coloured (mixed race). 
The technique of mechanical ventilation followed 
closely the well established principles developed in 
this department,! using a pressure-limited, time- 
cycled ventilator (Vickers Neovent 90) and humidifier 
(Vickers). Size 2-5 to 3-5 mm shouldered oro- 
tracheal tubes (Portex) were used whenever endo- 
tracheal intubation was needed. Regular tracheal 
toilet (after instillation of 1 ml physiological saline 
when necessary) was performed at 1-2 hourly 
intervals. Characteristically, on about day 5 the 
secretions became copious and thereafter continued 
for about 2 weeks. All the affected infants required 
endotracheal intubation and mechanical ventilation 
before age 8 hours. The earliest sign of hyper- 
secretion was the aspiration of increasing amounts of 
mucus on suctioning of the endotracheal tube. This 
was followed by recurrent blockage of the endo- 
tracheal tube and pulmonary airways, manifest by 
pulmonary segmental collapse and consolidation. 
Increasing hypoxia, hypercapnia, and acidosis 
developed during these episodes of obstruction. As a 
result, the median maximum arterial PCO, was 
13-5 kPa (101 mmHg) in the study group, and 
9.3 kPa (70 mmHg) in the control patients. The 
mean duration of oxygen requirement for the hyper- 
secretion group was 2 weeks longer than that of the 
control group but the groups were well matched for 
duration of mechanical ventilation (Table 1). 
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Table 1 Clinical details (mean values and range ) 
RECN ii 


Control Hypersecretion 


aeaa 








Male:female 9:2 10:1 
Birthweight (kg) 1-15 (0-91-1-35) 1-2 (0-7-1-56) 
Gestational age (weeks) 28 -6 (26-32) 28-6 (27-30) 
Duration of oxygen 

therapy (days) 28 (6-90) 37 (6-70) 
Mechanical ventilation 

(days) 11 (1-47) 10 (1-19) 
Apgar score (mean) 

| min 4-3 5-2 

5 min 7-4 6-3 
Main condition leading to 

mechanical ventilation 

(number of infants) 

Respiratory distress 

syndrome 5 a 

Apnoea and respiratory 

distress syndrome 5 3 

Apnoea 1 4 
Hypersecretion 

Age at onset (days) 4-6 (2-8) 

Duration of need for 

bronchial lavage (days) 16 (6-30) 


Management of recurrent tracheobronchial obstruction 


Whenever the accumulation of excessive tracheo- 
bronchial secretions produced clinical deterioration 
as manifest by progressive hypoxia in intubated 
patients, or by progressive distress and hypercapnia 
in patients breathing spontaneously, or by persistent 
segmental collapse on chest x-ray film, bronchial 
lavages were started and repeated as necessary. The 
procedure varied little between different operators. 
Basically, the infant was extubated, if previously 
intubated, with tracheal suction, then hand ventilated 
via face mask with 100 % oxygen for about 30 seconds 
or until the transcutaneous oxygen monitor or 
umbilical artery oxygen electrode indicated a 
significant improvement in the Poy. One millilitre of 
physiological saline was then instilled through the 
vocal cords under direct vision. The infant was then 
quickly tipped and brief chest percussion performed 
followed by suction through the vocal cords, 
intubation, and hand ventilation until a satisfactory 
Po, had been achieved. Occasionally, the infant was 
not extubated, and the lavage performed through the 
endotracheal tube. The infants in the study group 
received many lavages, some repeatedly for several 
days (range 4 to >30 lavages), until either the 
quantity of secretions had diminished or the clinica] 
problems caused by excessive secretions had resolved. 
The need for bronchial lavages was, in fact, the 
necessary criterion for admission to the study group. 


Investigations 
Secretions. Attempts were made to measure the 


absolute amount of secretions. As there were 
varying amounts of bubbles in the fluid, volumetric 


measurement was not appropriate. The stickiness of 
the fluid made suction using a dry catheter in- 
effective, while wetting the suction catheter auto- 
matically invalidated the weight of any fluid collected. 
Collection of uncontaminated specimen proved 
impossible. Bacteriological studies were done on all 
the infants including culture of the secretions and the 
tips of endotracheal tubes. No virological studies 
were routinely done. 


Pulmonary function. Lung function tests were 
performed in a whole body plethymograph. The first 
test was at the time of discharge from the neonatal 
intensive care unit, and subsequent tests 4-6 and 
10-12 months later. Infants were sedated with 
chloral hydrate 30-50 mg/kg after a feed using 
techniques described elsewhere in detail.2. The 
following parameters were determined: thoracic gas 
volume, airways resistance, pulmonary resistance, 
dynamic compliance. The expected normal values 
were derived from a previous study on more than 
200 normal infants who did not have respiratory 
distress, using identical methods. The Study was 
approved by the Hammersmith Hospital Ethics 
Committee. 


Clinical follow-up. At 6-monthly follow-up appoint- 
ments, clinical and, if indicated, radiological 
evaluations were carried out. 


Toxicology. Because of the Suspicion On a previous 
occasion that contamination of the ventilater circuit 
might be responsible, the following investigations 
were performed. 

Four humidifiers (Vickers Model 90) were 
obtained randomly from ward stock having under- 
gone routine sterilisation with alkalinised glutaralde- 
hyde, and were tested for residual glutaraldehyde 
using an air flow of 3 l/min, by the procedure of 
Varpela et al. The humidifiers, had previously been 
routinely dismantled and soaked in activated 
glutaraldehyde for 10 minutes, then rinsed by passing 
through 2 containers of distilled water before being 
drip dried. 

Detergent detection was performed on 6 sets of 
ventilator tubing. The ventilator tubing had been 
routinely washed in hot water with detergent, then 
rinsed with tap water before autoclaving. In order to 
detect residual detergent, each set of tubes was rinsed 
with 50 ml of distilled water. This solution was then 
shaken with methyl phosphate (1 %, PH 10-0) and 
the surfactant-dye complex extracted into chloro- 
form. The blue-coloured solution was compared with 
Standard solutions containing 0-10 ppm active 
detergent. 


Results 


Secretions. The secretions were thick and sticky in all 
but 2 cases which were watery. Visual examination 
of the secretions showed that the quantity of the 
secretions was more than sufficient to block an 
infant’s endotracheal tube easily. No one single 
organism was common to the group. All 11 patients 
were al-eady on antibiotics well before the onset of 
hypersecretion for either suspected or proved sepsis, 
so the sigmificance of these isolates is unclear. 


Clinical. Two infants from the hypersecretion group 
required tracheostomies. One was performed at age 
1 month to aid bronchial toilet so that he could be 
weaned off the endotracheal tube. At the time, he 
had ne clinically detectable upper airways obstruc- 
tion. This infant still had excessive secretions at age 
3 mon:hs. The other tracheostomy was fashioned at 
another hospital for severe acute laryngotracheo- 
bronchitis at age 3 months. Chronic lung disease, 
defined by radiological evidence of broncho- 
pulmonary dysplasia grade IV* or by more than 4 
weeks of increased oxygen requirement, was more 
often present in the hypersecretion group (Table 2). 

Two imfants from the study group and 2 from the 
contrel group required readmission to hospital 
during the first year for acute lower respiratory tract 
infectons. However, the interpretation of these 
figures must take into account the anxiety engendered 
by preterm infants during their entire infancy. 


Lung function. Although all the patients (with the 
exception of the one with the tracheostomy) were 
examined at age 1-2 months, because of non- 
compliance only half of the infants were studied at 
about 10-12 months. 

Lung volumes during the first year of life were 
similar in both groups (Fig. 1). Comparison of their 
regression lines showed that the two groups were not 
significantly different, nor were they significantly 
different from the normal control population 
(P>0-05). However, when individuals were 
examined, 4 infants from the hypersecretion group 
and 3 from the control group had low volumes 
during the latter part of the first year (Fig. 1). 

Airways conductance, related to lung volume 
(Fig. 2), was low in both groups during the 


Table2 Long-term clinical outcome 





Control group Hyrersecretion 








Readmission with acute lower 
respimatory tract infection 2 

Tracheestomy 0 

Chronic lung disease* 4 


JNN 


*See text. 
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whole of the first year suggesting persistent 
airways narrowing. In addition, 2 infants from the 
hypersecretion group had tracheostomies, while 
2 others had stridor and plethysmographic evidence 
of upper airways obstruction as suggested by 
disproportionately raised airways resistance during 
inspiration. 

Both groups had diminished compliance (stiff 
lungs) during the first few months after the intensive 
care period (Fig. 3). During the latter half of the first 
year, the dynamic compliance appeared to become 
normal more rapidly in the control group than in the 
hypersecretion group. 


Toxicology. All 4 humidifiers were contaminated 
with glutaraldehyde, liberated at a mean rate of 
19 ug/hour by the test procedure, during the first 
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Fig.1 Relationship between thoracic gas volume 
(TGV) and body weight. S haded area represents 95% 
confidence limits for normal infants. 
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Fig.2 Relationship between airways conductance 
and thoracic gas volume. Shaded area represents 
95%, confidence limits for normal infants. 
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Fig.3 Relationship between dynamic compliance and 
thoracic gas volume. Shaded area represents 95%, 
confidence limits for normal infants. 


5 hours. Thereafter, little more was released. With a 
gas flow of 3 l/min through the humidifiers, this 
produced a mean gas concentration of 0-1] ug/l 
during the first 5 hours. The amount released from 
the worst contaminated humidifier was up to 
33 ug/hour for a 2-hour period. 

All 6 sets of ventilator tubing showed the presence 
of significant amounts of detergent in the wash 
solution, with 5 of the solutions exceeding 10 ppm 
detergent. The detergent contamination of the 
tubing was found to be eliminated by meticulous 
rinsing. 


Discussion 


The purpose of this report is to call attention to a 
distinct clinical entity which affects some very low 
birthweight infants while receiving mechanical 
ventilation. During the 18-month study period, 
clinically significant tracheobronchial hypersecretion 
affected at least 8% of such babies admitted to 
Hammersmith Hospital neonatal intensive care unit, 
or at least 16% of infants of very low birthweight 
receiving mechanical ventilation. The syndrome 
required the drastic measure of repeated bronchial 
lavage, and led to significant long-term morbidity. 
Mucus is essential to carry dust, bacteria, and 
irritants out of the lungs by ciliary action. In 
addition, it prevents damage to the airways epi- 
thelium. Hypersecretion is due to secretion out- 
stripping removal or failure of mucus clearance. To 


date there has been no study to measure the normal 
volume of tracheobronchial secretions in infancy. 
In the healthy infant, the secretions are wafted up 
the airways into the pharynx and then swallowed. 
Data from the only adult study estimated a 
daily output of 10-15 ml. Estimates have been 
extrapolated from results of animal experiments, but 
the figures varied widely. The great difference in 
normal ranges confirms the difficulty in collecting 
bronchial secretions. The lack of a standardised 
collection method means that each study results in 
the collection of different types of fluid.® 

We propose a scheme which summarises some of 
the possible aetiological factors and the acute and 
long-term consequences of tracheobronchial hyper- 
secretion (Fig. 4). It is possible that the procedure of 
bronchial lavage may be a major irritant leading to 
the persistence of the syndrome. Repeated intubation 
and tracheal suction almost certainly contributed to 
the upper airways obstruction of the hypersecretion 
infants. However, there seems to be no alternative to 
the very effective technique of bronchial lavage, 
until hypersecretion and its complications can be 
prevented. 

The fact that only very low birthweight babies 
were affected suggests that this is the susceptible 
population. The small size of these infants’ air- 
ways and the small endotracheal tubes used 
make blockage more likely. Their airways may be 
particularly sensitive to insults. Perhaps the endo- 
tracheal tube or the suction catheter mechanically 
irritated the upper airways.” 8 The tubes used were 
polyvinyl tubes (Portex). It is unlikely that any 
plasticiser would elute from these fairly firm tubes. 
The ventilators used were pressure limited, time 
cycled, constant flow models (Vickers Neovenrt 90). 
The ‘mechanical ventilation System required a 


Toxin 


Tracheabronchial 


Infection ——® Airways damage —> hypersecrection 


Trauma 
Lavage Obstruction 
Mechanical Collapse 
ventilation 


| 


Upper airways 
damage 


Chronic lung 
disease 


Fig.4 Scheme of possible aetiological factors in 
tracheobronchial hypersecretion. 


multitude of tubes. It is not inconceivable that some 
of these tubes have been perished, although not 
visual y obvious, or worse they may have released 
polyvinyl chloride plasticiser, a known tissue toxin, 
after reveat autoclaving. 

We have shown that despite rigorous washing, the 
ventilator tubing contained traces of detergent and 
that the humidifiers had tracers of activated glutaral- 
dehyce (Cidex). How significant these contaminants 
are in meenatal intensive care may never be known as 
no etagal experiments can be conducted to obtain 
direct evidence. The concentration of glutaraldehyde 
was Similar to, although generally lower than that 
observed by Varpela et a/.? using different makes of 
equipment and prolonged sterilisation times. They 
established that mice could be kept without harm 
for 24 1©urs in air containing glutaraldehyde 33 ug/l 
and therefore concluded that glutaraldehyde steril- 
isation was safe. The variation that we observed in 
amourts of glutaraldehyde liberated from the 
humid fiers may reflect variation in length of 
expostre to it, length of time since sterilisation and 
efficiercy. or rinsing after sterilisation.’ 

Activated glutaraldehyde is chemically similar to 
formaldehyde. Like the latter, it is a potent 
respirctery tract irritant. The effect of low concen- 
tratier s (10 ppm) formaldehyde on the respiration of 
guinee-pws has been studied.” 

It is net inconceivable that even minute traces of 
activa ed glutaraldehyde left in the humidifiers after 
rinsing may be sufficient to irritate the lungs during 
mec acnieal ventilation, especially if a newly sterilised 
ventilator circuit and humidifier are used each day. 
Whetrer the small amount of activated glutaral- 
dehyce found in our random sample of humidifiers 
was sin ficant is unclear. However, if it is possible to 
leave detectable amounts in the equipment regularly, 
it fəl ows that mistakes may be made in which 
larger amounts of contaminants are left behind. 
It is ikely that some form of chronic irritation is 
the cause of the hypersecretion. The latent period 
of a few days before the onset further supports this 
hypothesis. 

In elder subjects and experimental animals, 
broachial hypersecretion is a common accompani- 
ment əf airways inflammation caused by viruses, 
bacteria. allergens, or toxic agents. The mechanism 
is un<newn.!” Of the many organisms isolated from 
the study group reported here, none was common to 
all the patients. It seems unlikely that a specific 
bacterial infection was causal; more probably, 
bacterial growth was a secondary effect of airways 
damage. Virological studies were not done routinely 
in our study. 

The significantly prolonged oxygen requirement, 
and the upper airways stenosis together support the 
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fact that hypersecretion and its complications had a 
significant morbidity during infancy. The lack of 
mortality may be due to preselection, since only 
infants who survived several days on the ventilator 
developed hypersecretion, and only those who 
survived the neonatal period were studied. 

Several previous studies of pulmonary function 
have shown significant abnormalities in the survivors 
of neonatal mechanical ventilation. Serial measure- 
ments of functional residual capacity and dynamic 
compliance performed by Bryan er a/."! during the 
first year of life of such infants showed that the 
initially decreased forced vital capacity returned to 
normal by 2-4 months. Our measurements of lung 
volume showed no difference between the hyper- 
secretion group and the control group. Three infants 
from each of these two groups had low lung volumes 
during the latter part of their first year. The signifi- 
cance of this finding is unclear. We would suggest 
that these few infants may have had small ¿ungs at 
birth, an abnormality which might have contributed 
to their neonatal lung disease, and hence their need 
for mechanical ventilation. Those infants with large 
volumes found immediately after the intensive care 
period may have had ‘gas trapping’ due to airways 
disease. Dynamic compliance (a measure of lung 
‘stiffness’) remained significantly lower than normal, 
in both the study and control groups, with recovery 
occurring towards the latter half of the year. How- 
ever, it must be borne in mind that the dynamic 
compliance measured in the presence of airways 
disease is a reflection not only of lung stiffness, but is 
also affected by airways disease. Although not 
physiologically ‘pure’, it is probably a sausfactory 
functional measurement. Stocks and Godfrey,” 
measuring the lung function in 11 infants who 
required intermittent positive pressure ventilation, 
showed that by 7 months airways resistance was 
significantly increased when compared with a 
nonventilated group. They suggested that trauma to 
the airways occurred during ventilation, interfering 
with airways growth. Our results showed that 
airways conductance (the reciprocal of airways 
resistance) remained low throughout the first year of 
life, the hypersecretion group being more severely 
affected than the control group. 

The subject of tracheobronchial secretion in the 
newborn has been neglected, despite its clinical 
importance. The presence of potentially toxic 
contaminants in scrupulously cared-for equipment 
serves as a warning, although proof of any relation- 
ship between contaminants and lung disease is 
lacking. We can only speculate on the long-term 
prognosis. The work of others has shown that 
neonatal physiological disturbances may persist into 
later childhood.!? It would seem possible that the 
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infants who suffered neonatal pulmonary hyper- 
secretion may never achieve normal lung function. 


We thank Dr Rashmi Desai for the analysis, 
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Plasma creatinine in the first month of life 


H FELDMAN AND J-P GUIGNARD 


Depari nent of Paediatrics, Centre Hospitalier Universitaire Vaudois, Lausanne, S witzerland 


SUMMSRY The creatinine-kinetics method of analysis was used to study the changes, during the first 
montt ef life, in plasma creatinine levels in 34 newborn infants receiving no treatment with drugs. 
Plasma creatinine values during the first 5 days of life ranged from 188 to 17 zmol/I. After day 5 plasma 
levels were fairly stable throughout the first month, with a mean value of 35+2 (range 12—62) „mol/l. 
Twenty-two infants receiving treatment with gentamicin-ampicillin-cloxacillin were also studied. 
Seven of them had raised plasma creatinine concentrations after day 5, well beyond the range of 
concentrations found for infants receiving no drugs. Plasma creatinine, measured by the kinetic 
methcd, appears to provide a useful index of renal function in the neonatal period. 


The concentration of creatınine, one of the most 
simple and most commonly used indices of 
glomerular filtration rate (GFR) in children and 
adults has been reported to be appreciably raised 
and ~ariable during the first month of life.!—? 
Although the reason for these high values is un- 
know, it is clear that they are not entirely the result 
of im nature renal function.! As a consequence, the 
validity of creatinine as a marker of GFR in the 
neonzte is doubtful. A laboratory test that identifies 
early reductions in GFR in the neonatal period 
would lead to earlier and more efficacious treatment 
of acate renal failure, a condition which is becoming 
increasingly significant in neonatal intensive care.*~® 
In a search for such a test we measured plasma 
creat nine levels by a reaction kinetic principle 
(crea_imine-kinetics), a technique which seems to 
minimise the interference of non-creatinine 
chromogens.!?!! We here report plasma creatinine 
concentrations, measured by this method, through- 
out tre first month of life of newborn infants treated 
in a 1eonatal unit. 


Materials and methods 


Fifty-six infants, all patients at our hospital, were 
studied during the first month of life. Their 
gestetional ages varied between 30 and 40 weeks. 
The clinical diagnosis included prematurity, high 
risk for infection, transient hyperbilirubinaemia, 
transient mild respiratory distress syndrome, and 
intreuterine growth retardation. All infants were 


This paper was presented at the Fifth International Pediatric 
Neptrelogy Symposium, Philadelphia, 6-10 October 1980. 


stable in room air. Any neonate with oedema, or 
acid-base or electrolyte disturbance was excluded. 
Several neonates were studied more than once 
during their first month of life. Altogether, 126 
plasma creatinine concentrations were determined, 
using 50ul of plasma collected by heel prick, 
performed only when needed for other reasons. 
Twenty-two of the 56 infants received, as part of 
their treatment, gentamicin (2-5 mg/kg every 12 
hours), ampicillin (50 mg/kg every 6 hours), and 
cloxacillin (25 mg/kg every 6 hours) before the 
plasma creatinine level was determined. The study 
was approved by the Committee of Ethics of 
Lausanne University. 

Plasma creatinine was analysed using the 
creatinine-kinetics method (bioMérieux).‘° The 
concentration of creatinine was determined in whole 
plasma by measuring spectrophotometrically the 
product formed in one minute by the reaction 
between creatinine and an alkaline picrate solution. 
Fifty microlitres of whole plasma or standard were 
added at 25-30°C to 500 ul of reagent (a mixture 
consisting of 8-8 mmol picric acid and 0-4 mol 
NaOH in equal parts) and the optical density (OD) 
was read after 20 and 80 seconds at 492 nm. The 
creatinine concentration was obtained by the 
following formula: OD plasma/OD standard x C, 
where OD = difference between the OD at 80 
seconds and that at 20 seconds anc C = the 
concentration of the standard in mol/l. A recovery 
study was performed during which 10, 50, 100, and 
250 ul of a 1000 umol/l creatinine solution were 
added to 500 ul samples of plasma (creatinine 
concentration = 95 umol/l (1-07 mg/100 ml)) or 
synthetic plasma standard (creatinine concentration 
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= 132-2 umol/I (1-5 mg/100 ml)). Creatinine was 
then determined using the kinetic method. Statistical 
comparisons between calculated and measured 
values were made using Student’s ¢ test. Results are 
expressed as mean +SEM. 


Results 


During the first 5 days of life there was a wide range 
of creatinine levels: some values were as high as 188 
mol/l, others as low as 17 umol/I (Fig. 1). Then the 
levels rapidly diminished and all concentrations were 
below 62 umol/I by the time the infants were aged 
more than five days. The mean plasma creatinine 
concentration for these 34 infants aged 6-30 days 
was 35+2 umol/l (range 12 to 62). Seven of the 
22 infants receiving gentamicin had high plasma 
creatinine levels compared with infants receiving 
no antibiotic. Several infants more than doubled 
their plasma creatinine concentration during treat- 
ment with drugs (Fig. 2). Creatinine concentrations 
all declined to premedication values within the first 
month of life. 

Recovery studies showed that the creatinine 
concentrations measured by the creatinine-kinetics 
method did not differ significantly from the 
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Fig. 1 Plasma creatinine concentrations during the 
first month of life of 34 neonates receiving no drug 
therapy. 
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Fig. 2 Plasma creatinine concentrations during the 

first month of life of 22 neonates treated with gentamicin, 
ampicillin, and cloxacillin. The shaded area shows the 
range of values observed in control neonates receiving 

no drugs. 


calculated concentrations of our test solutions (mean 
difference = 2-6+4-2 umol/l, n = 9, P>0-9). The 
coefficient of variation for the creatinine-kinetics 
method was calculated to be 5-5% (12 replicates). 


Discussion 


The high plasma creatinine concentrations at birth, 
perhaps maternal in origin, and the decline in levels 
during the first month of life greatly limit the use of 
creatinine as an index of glomerular filtration in 
infants. A mean value of plasma creatinine of 
1-3+0-07 mg/100 ml (115-46 umol/l) was noted 
by Stonestreet and Oh! in infants of low birth- 
weight during the first 10 days of life. Their creatinine 
values only stabilised at 0-6+0-05 mg/l00 ml 
(53-+4 umol/l) during the second and third months 
of life. However, our data show that levels of plasma 
creatinine, using the kinetic method. rapidly decline 
just after birth and stabilise at about 35 umol/I after 
the fifth day of life. 

A previous study!” showed that creatinine values 
measured by the kinetic method were consistently 
lower than when measured using the autoanalyser 
technique. Values obtained by both methods were 
compared in 14 adult volunteers before, and then 3 


and 5 hours after eating a meal containing meat. 
The mean values of 77+3, 132+6, and 95+6 
umol/] measured by the kinetic method were 
significantly lower than the mean values of 82+3, 
153-7, and 113-7 umol/I measured by the auto- 
analyser. The mean increase in plasma creatinine 
after eating cooked meat was significantly less when 
measured by the creatinine-kinetics method (55 
umol/l) than by the autoanalyser (72 umol/l) 
(P<0-(4). This fact, together with the lower 
creatinime values observed here, suggest that the 
kinetic nethod lessens the effect of non-creatinine 
chromozens. Recovery studies similarly indicate 
that the lewer values that we found using the kinetic 
method are not explained by an underestimation of 
creatinine itself. Studies on adults showed that 
creatinine values measured by the kinetic method 
were slightly higher than those measured using the 
Lloyd seagent. These differences however were not 
statistically significant. The kinetic method permits 
the Jaff reaction to proceed only to a point at which 
probab y most of the creatinine, but little of the 
non-creatinine chromogens have conjugated with 
alkaline picrate.!°!! Furthermore, plasma serves as 
its owr blank thereby increasing the specificity of 
the anzlysis and reducing the effect of other yellow 
pigmerts—such as bilirubin—that may be present 
in the blood. We must add a word of caution about 
interpreting results in severely hyperbilirubinaemic 
children. Unpublished observations (E Aubert and 
J-P Grignard, 1981) show that the kinetic method 
may not be sufficiently sensitive if extreme excesses 
of bilmubin are present. 

Of interest is our finding that 7 out of 22 infants, 
all of whom received gentamicin, had raised plasma 
creatirine concentrations during the first month of 
life. Several infants substantially increased their 
creatirine concentration during treatment with 
gentamicin after having had concentrations within 
the range of values measured in neonates receiving 
no aribiotics. That these changes could be due to 
gentanicin toxicity’? rather than to their clinical 
condition is suggested by the decrease of plasma 
creatinine during the first few days of antibiotic 
therary (Fig. 2), when the clinical condition of the 
infants was probably at its worst. Only after there 
had been sufficient time for the gentamicin to 
accum ulate in the tissues did the plasma creatinine 
concentration begin to rise. This observation together 
with reports of nephrotoxicity seen in adults receiving 
aminogiycoside antibiotics,4'? strongly suggest 
that the augmentation of plasma creatinine in our 
patiemts was a reflection of a transient diminution of 
renal function. The apparent reversibility of the 
phenemenon, as demonstrated by the descent of 
creat-nine after the drug had been stopped, and the 
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presence of some infants who were seemingly 
unaffected by it, are both in keeping with other 
studies on the nephrotoxicity of gentamicin.’* 1$ 17 

A rational fluid and drug therapy in the sick 
neonate with renal insufficiency requires that the 
level of renal function be accurately estimated in a 
period of rapid maturational changes.!® The kinetic 
method of creatinine analysis appears to be a 
valuable tool in this context. 
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for developing the kinetic method of creatinine 
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Provocation of allergic response by supplementary 


feeds of cows’ milk 


S A ROBERTS AND J F SOOTHILL 


John Radcliffe Hospital, Oxford, and Institute of Child Health, London 


SUMMARY The postweaning IgE and IgG antiovalbumin antibody responses were greater in rat 
pups which had received a cows’ milk-based supplementary feed than in litter mates which had not. 
This effect was antigen non-specific and might be similar to that of supplementary feeds in the develop- 
ment of atopy in human infants. The total IgE concentration was similar in the two groups. Supple- 
mentary feeds did not increase the low values of IgE antiovalbumin in rats suckled by mothers 


immunisec to ovalbumin. 


Prospective studies show that exclusive breast 
feeding protects genetically-predisposed human 
infants from developing eczema and other atopic 
allergies.'* The mechanism is not known but it is 
likely to be more complicated than simply avoidance 
of antigens, and there is reason to believe that it is 
antigen-non-specific, influencing the responses to 
many antigens.’ 4 After showing that milk of 
ovalbumin-sensitised mothers suppressed the IgE 
antibody response in suckled young Hooded Lister 
(HL) rats. Jarrett and Hall suggested that this might 
explain the observation in human atopics, but this is 
doubtful as the effect in rats is antigen specific. We 
have therefore investigated the effect of feeding 
supplements of a cows’ milk preparation to HL rat 
pups 071 their subsequent IgE and IgG responses to 
ovalbumin, to see if the supplements produce an 
antiger-non-specific effect on IgE responses. 


Methods 


Serum Iz antiovalbumin was determined by the 
paper radioallergosorbent method of Karlsson 
et al using rabbit anti-rat FcE. Results were 
expressed as counts bound by sample/counts bound 
by newborn rat serum. Agglutinating antiovalbumin 
antibodies in sera, absorbed with 50% washed 
human red cells were assayed by chromic chloride- 
treated ovalbumin-coated human red cells.’ Sera, 
with or without pretreatment with dithiothreitol 
which mactivates IgM,° were titrated by doubling 
dilutions on microtitre plates. Results are expressed 
as —log* titre. Total serum IgE (ng/ml) was deter- 
minec by a paper radioimmunosorbent method® 
using a standard curve of dilutions of rat IgE 
myeloma of known concentrations. 


The immunisation regimen was modifiec from 
Jarrett and Hall. To determine the optimum 
antigen dose for IgE response in young HL (Animal 
Suppliers or OLAC*) rats, each rat was injected 
intraperitoneally with 0-1, 1-0, 10, 100, and 1000 ug 
of ovalbumin in saline with 10° heat-killed Bordetella 
pertussis as adjuvant on day 23; 1-0 wg in sal-ne was 
given intraperitoneally at day 50, and the rat was 
bled by cardiac puncture 4 days later. The Aighest 
IgE antibody responses were to 1-0 and 10 ug, and 
these doses and this regimen was used thrcughout 
the study. 

Litters were divided into supplemented and control 
groups. From the third day of life until weaning at 
21 days, each rat in the supplemented grcup was 
separated from its lactating mother for 12 hours a 
day, and gavaged with 0-1 ml/g of a feed based on 
Cow and Gate Premium infant feed daily in divided 
doses; this is equivalent to half the nutritional 
requirement.” The preparation contained dried 
cows’ milk (120 g/l), casein (70 g/l), and 20% arachis 
oil emulsion (Prosparol), providing 160 cal/100 ml. 
On this regimen several (16 of 42 in all the exper- 
iments) died of complications of gavage, but the 
weight gain of the remainder was at least as rapid as 
in the controls who received no supplements. After 
weaning, both groups received Oxoid breeders diet 
and water ad libitum. Neither a saline extract of the 
diet nor a filtrate of the supplementary feed inhibited 
agglutination of ovalbumin-coated red blood cells by 
a rat antiovalbumin antiserum; this confirms that 
they were ovalbumin free. 

In one experiment, 2 adult (200 g) HL female rats 
were immunised (1-0 ug of ovalbumin with pertussis 
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adjuvant), and mated, and their litters were divided 
into supplement-fed and control groups; these were 
studied in a similar manner. 


Results 


In the first experiment, 7 of the 11 unsupplemented 
control HL rats (Animal Suppliers) immunised with 
the regimen (first dose of 1-0 ug of ovalbumin) had 
IgE antiovalbumin antibody greater than the highest 
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Fig.l IgE antiovalbumin antibody (counts bound by 
sample /counts bound by newborn rat serum) in 54-day-old 
rats, after immunisation with ovalbumin in dose of 

!-O0or 10 wg, with adjuvant. Rats which had received 
cows’ milk-based supplementary feeds and litter mates 
who did not are shown. The highest value observed in 
unimmunised rats (1-4) is indicated by the dotted line. 


value (1-4) observed in unimmunised adults. All 10 
supplement-fed animals gave such values, and the 
median value was significantly higher than that 
of the unsupplemented controls (Fig. 1 and 
Table 1, experiment 1). This finding was confirmed in 
a second experiment with HL rats from OLAC (Table 
|, experiment 2). These differences did not result from 
the observed interlitter differences of IgE response. 
Fewer of the control rats had dithiothreitol-resistant 
haemaggluninating antiovalbumin antibody (pre- 
sumed IgG) than did the supplement-fed animals 
(Fig. 2 and Table 1). 

In 16 supplement-fed rats, and 14 controls 
injected with 10 ug ovalbumin, the IgE responses 
were similar; the agglutinating antibody titre was 
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Fig.2 Dithiothreitol-resistant haemagglutinating 
antiovalbumin antibody (log, titre) in supplemented 
and control rats immunised as in Fig. 1. 


Table 1 IgE and IgG antiovalbumin antibody in supplemented and control rat pups 


Experiment 1 


IgE antiovalbumin* 


Dithiothreitol-resistant 


Experiment 2 


IgE antiovalbumin* 


haemagglutinating antiovalbumin 
antibody — log, titre 


























1-0 10-0 1-0 10-0 1-0 10-0 
S C S C S C S G. S G Ss Cc 
imine patie a 
No of rats 10 11 16 14 10 11 16 14 I5 13 17 22 
Median 12-0 2.1 7-8 6-9 11 <3 10 16 8-8 2-6 5-2 3-8 
P <0-0lt NS 0-002ł <0-O1F <0-0O5S+ NS 
SSS 





*Counts bound/counts bound by newborn rat serum. +Mann-Whitney U test, tFisher’s exact test. 


S = supplemented, C = control. 
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Table 2) /g£ antiovalbumin responses to supplemented 
and suckled+at pups of immunised mothers 





Controls 
(mn =13) 


Supplementary feed 
(n=11) 
Median IzE aatiovalbumin 1-2 
Range 1 -0-1-85 





1-4 
1-0-2-3 





significanuly lower in the supplemented rats (Fig. 2 
and Table 1). There was no significant correlation 
between IgE and IgG values in any of the groups 
(r ranged from 0-15 to 0-22). The serum IgE con- 
centration (median 0-61 ug/ml) of 14 supplement-fed 
rats from both experiments in which animals were 
immunised with 1-0 ug ovalbumin did not differ 
from their 17 controls (median IgE 0-7 ug/ml). 

IgE anciovalbumin antibody was detected (that is, 
it was greater than 1-4) in only 7 of the 13 rat pups 
fed ty sensitised mothers, and the levels were 
significantly lower than the offspring of unsensitised 
mothers—that is, those immunised in experiment | 
(P<0-05 Mann-Whitney U); though this compari- 
son is not strictly valid since these were not litter 
mates, this difference confirms the findings of Jarrett 
and Hall Only 4 of 11 rat pups of sensitised mothers 
which received supplements gave IgE values greater 
than 1-4. and the median values did not differ from 
those ef the unsupplemented groups (P>0-5 
Mann-Whitney U (Table 2). 


Discussion 


Our new finding, of increased IgE response after 
feeding cows’ milk-based supplements, is antigen 
non-specific in that the response to ovalbumin was 
affected although the feed did not contain it. In this 
characteristic it is consistent with the clinical 
impression that the exacerbation of atopy which 
results from supplements of cows’ milk feeds to 
human infants is antigen non-specific and unrelated 
to maternal sensitisation. The rat system is pro- 
foundl, different from human atopy in that it 
depends on a dose-dependent adjuvantised injection 
of antigen, but the IgE antibody produced has 
similar skin sensitising characteristics as human IgE. 

One possible mechanism for the antigen-non- 
specific effect of supplements on the IgE response in 
human atopics is absorption of very low doses of 
norma environmental antigens, with increased 
amourts of endotoxin adjuvant resulting from the 
altered intestinal flora associated with the use of such 
supplements.’ It is possible that the increased IgE 
response resulted from other aspects of the experi- 
ment—such as the gavage—but the lack of such an 
effect in the experiment using a higher dose of 
antigen provides some control for this. The ideal 
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control, gavaging with rat milk, was not possible. 
The considerable mortality of the gavaged rats is 
unlikely to explain the differences; if the deaths were 
anaphylactic, vulnerable animals would have been 
selected which would have reduced the effect 
presented. It is likely that such deaths were due to 
physical injury, observed in some, because most 
deaths occurred in the first week before sensitisation 
was likely to have developed. 

In the group receiving the lower dose of ovalbumin, 
supplementation led to a similar higher IgG anti- 
body response, but surprisingly supplements reduced 
the IgG response to the higher dose. An antigen 
non-specific decrease of IgG antibody production in 
mice has been shown after skin contact with antigen.” 
In atopic humans both IgE and IgG antibody move 
together in response to a range of environmental 
allergens.!? 

This study strengthens the view that dietary 
supplements in suckling infants may have important 
immunological consequences, especially in these who 
are genetically vulnerable. 
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Endoscopic retrograde cholangiopancreatography 


in children 


P B COTTON AND N J LAAGE 


Gastrointestinal Unit, Middlesex Hospital, London 


SUMMARY Gastroduodenoscopy and retrograde cholangiopancreatography has been performed on 
25 occasions in 20 children aged between 7 and 16. Radiographs of the clinically relevant duct or 
ducts were achieved in 96% of attempts, with no complications. The diagnostic information proved 
useful clinically; in particular it provided a precise map if biliary or pancreatic surgery was being 
contemplated. Several unexpected congenital duct anomalies were found. This and other recent 
reports, particularly from Germany, indicate that endoscopic retrograde cholangiopancreatography 
deserves greater application in children, and can also be used in babies. 


Fibreoptic duodenoscopy with cannulation of the 
papilla of Vater for endoscopic retrograde cholangio- 
graphy and pancreatography (ERCP) is a well- 
known diagnostic (and therapeutic) procedure in 
adult gastroenterology,' but it has seldom been used 
in children; by 1980 only 30 cases had been reported 
in the English language.?~!” Perhaps this is because 
biliary and pancreatic diseases are fairly rare in 
infancy and childhood, but it also reflects a lack of 
appreciation by gastroenterologists and paedia- 
tricians alike of the possibility of applying the 
technique in children. For this reason, we report our 
experience of 25 ERCP examinations in 20 children 
aged 15 years and younger. 


Patients and methods 


Patients. There were 12 girls and 8 boys whose ages 
ranged from 7 to 16 (Fig. 1); 4 children were below 
the 3rd centile for height and weight. The spectrum 
of presenting clinical problems is shown in the Table. 
Three children were jaundiced, one child had 
recurrent cholangitis after choledochoduoden- 
ostomy, and 2 suffered attacks of biliary-type pain 
with previous negative investigations. Eight children 
had recurrent pancreatitis, and 2 had sustained 
pancreatic trauma. Three other children had 
recurrent attacks of pain believed to be of pancreatic 
origin, and one had pancreatic or biliary-type pain 
after surgery. 

Exeminations were repeated in the one child in 
whom pancreatography initially failed, and in 2 of 
the caildren with biliary tract problems to assess 
progress and response to surgery. Three examinations 





Age (years) 


Fig. 1 Ages at which the children were examined. 


were performed in one child in attempts to remove a 
pancreatic duct stone. 


Techniques of examination. All children were 
admitted to hospital for the procedure which took 
place in the department of radiology. Tuairteen 
children had general anaesthetics, all of whom, with 
the exception of one, were aged less than 13 years; 
the others were examined using intravenous injections 
of diazepam and pethidine. Antibiotics were not 
given routinely. 

Twenty of the procedures were undertaken with 
standard Olympus JFB2 and JFB3 adult 
duodenoscopes; an experimental paediatric side 
viewing duodenoscope (external diameter 8 mm) 
was used in Cases 17-20. Cannulation of the 
papilla of Vater proved easier with tapered-tip 
catheters. 
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Table Clinical details and results of investigations 
Presenting clinical Case Ultrasound ERCP Other 
problem 
Pain ? biliary l Normal Normal 
2 Normal Normal 
Jaundice 3 Not done Hepatic duct stricture, pancreas 
divisum 
4 Not done Hapatic duct stricture PTC failed. Succeeded later 
5 Gallbladder stones:? duct stones Gallbladder stones: clear duct PTC failed 
Cholangitis 6 Normal Stenosed choledochoduodenostomy PTC failed 
Pain; ?biliary or 7 Not done Patent choledochoduodenostomy; 
pancreatic Bile duct stricture. 
ERP failed; succeeded later 
Pain; ?pancreatic 8 Not done 
9 Normal > Normal 
10 Normal | 
Pancreatitis n | } er 
13 > Normal Pancreatitis 
14 | D 
15 > Pancreas divisum 
16 Abnormal j 
17 Normal ~ Pancreatic Stone; duct dilated 
18 Mass Mass with dilated duct 
‘ -rentic P F C i 
Pancreatic trauma be Ped Obanisied due 


PTC = percutaneous transhepatic cholangiography. 


Results 


Diagnostic examinations were completed within 
30 minutes in each patient, and there were no 
complications. The papilla was seen and cannulated 
in each child, with successful opacification of the 
clinically relevant duct or ducts in 24 (96°%) of the 
25 examinations. There were no failures of cholan- 
giography, but pancreatography failed initially in 
one child in whom it was intended to opacify both 
duct systems; a second attempt was successful. Four 
children proved to have the congenital anomaly of 
pancreas divisum, in which the main pancreatic duct 
drains only through the accessory papilla of Vater. 


i i 





Fig.2 Normal endoscopic pancreatogram. 


Endoscopic cannulation of the accessory papilla 
was achieved in all 4 cases (Fig. 3). 

The gastroduodenoscopy inherent in ERCP 
revealed diagnostic information in only one child— 
stenosis of a previous surgical choledocho- 
duodenostomy. Radiological findings are sum- 
marised in the Table and shown in Figs 2 to 5. 


Normal duct sizes in children. The size of the normal 
pancreatic duct (for example Fig. 2) was measured in 
five children aged between 7 and 16. The diameter in 
the head ranged from 1-4 to 2-1 mm, and in the body 
from 1-1 to 1-9 mm. Normal cholangiograms were 
obtained in 7 children aged between 7 and 16 years. 
The diameter of the common bile duct just below the 
entry of the cystic duct varied from 2-1 to 4-9 mm 
(all measurements corrected for radiographic 
magnification). 


Results of related diagnostic techniques. Three of the 
4 children with jaundice or cholangitis had previously 
undergone failed percutaneous cholangiograms: 
the examination was successful subsequently in one. 
Ultrasound scanning had been performed before 
ERCP in 15 of the 20 children. In one jaundiced 
child the scan had shown stones in the gallbladder 
and had raised the possibility of a further stone in 
the distal common bile duct; ERCP confirmed the 
gallbladder stones, but excluded duct stones (Fig. 4). 
Ultrasonography showed no evidence of bile duct 
dilatation in the patient suffering recurrent 
cholangitis after choledochoduodenostomy: ERCP 
showed stenosis of the stoma. 
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Pancreatic ultrasonography was normal in 2 
children with suspected pancreatic pain; each had 
normal pancreatograms. There were 10 children 
with recurrent pancreatitis or pancreatic trauma. 
Scans were normal in the 2 children with normal 
pancreatograms, but were abnormal in only 4 of the 
8 with abnormal ductograms. 


Fig.3a Cannulation of the 
main papilla showing only the 
ventral pancreas ina child 
with pancreas divisum. 


Fig.3b Same child. Caanulation 
of the accessory papilla has 
outlined the remainder of the 
pancreas via Santorini’s @uct; 

no connection with the vertral 
pancreas. 


Attempted endoscopic treatment of a pancreatic stone. 
One child had begun to have attacks of pancreatitis 
at age 7. At 12 years, ERCP showed an irregular but 
undilated duct with obstruction near the tail, at the 
site of a previous pseudocyst. By age 16, she had a 
stone in the pancreatic duct near the papilla, with 
upstream duct dilatation. Endoscopic diathermy 
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Fig.4 Cholangiogram showing gallbladder stones 
(arrowed). 








sphincterotomy was performed at the pancreatic 
duct orifice, and instruments were passed into the 
duct in vain attempts to remove the stone: surgery 
proved successful. 


Discussion 


ERCP was first described more than a decade ago. 
The technique is now widely known, with cannula- 
tion success rates of at least 90%, and few com- 
plications.’ ERCP is being performed in at least 
100 hospitals in the UK, and more than 600 
examinations were performed here in 1980 alone. 
Demands for ERCP continue to rise, despite the 
development of other techniques—such as fine 
needle percutaneous _ transhepatic cholangio- 
graphy," '* ultrasound!’ 14 and computerised 
tomography. 

This small series shows that ERCP can be per- 
formed in children and that it has a high success rate 
without complications. Single case reports and 
smaller series have been described from Japan, 
USA,*?” 1° Norway,? South Africa,>7 Italy,8 and 
Germany.® Several groups presented abstracts to 
the European Congress of Gastrointestinal 
Endoscopy in Hamburg in 1980 and there have been 
more recent publications in German.!6- Despite 
this, total world experience probably does not 
exceed 100 procedures, and most of these have been 
in children over age 10 years. The youngest child in 
Our series was aged 7 years, since none younger was 
referred. However, Waye has achieved ERCP in 
2 infants aged only 4 months.* °? Like others. he used 


Fig.5 Mass in the head of 
the pancreas, probably the 
result of trauma, with upstream 
dilatation of both pancreatic 
and biliary systems. 
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adult duodenoscopes, and it is likely that the pro- 
cedure would be simpler with paediatric instruments. 
Our preliminary evaluation of such an instrument iS 
encouraging. 

Most groups have used general anaesthesia, 
particularly in children under age 10 years. General 
anaesthesia complicates the procedure technically, 
and recent reports indicate that ERCP can be 
performed satisfactorily under sedation, even in 
younger children. 

ERCP is an invasive technique, and many com- 
plications have been reported;!”! cholangitis and 
pancreatitis are the most feared. Such risks can be 
lessened so that the chance of complications is slight 
in expert hands; we have had no complications of 
diagnestic ERCP in the last 1000 examinations. 
Acute pancreatitis and pancreatic necrosis has been 
described after ERCP in an 8-year old girl with 
pancreatic cysts. Cysts and pseudocysts are a 
contraindication to ERCP: any patient in whom a 
cyst is suspected should have an ultrasound scan; 
in our department pancreatography is then only 
performed as an immediate preoperative procedure. 

It is clear from this report that ERCP can usefully 
be applied in children; however its clinical role 
cannot be established from the small experience 
to date. Children with biliary problems are normally 
well served by established techniques of cholecysto- 
graphy, ultrasound scanning, and percutaneous 
transhepatic cholangiography.'* However, percuta- 
neous transhepatic cholangiography may sometimes 
fail (as in 3 of our patients), particularly in very small 
children with non-dilated ducts. Percutaneous 
transhepatic cholangiography is also contraindicated 
in patients with coagulation problems. Endoscopic 
cholangiography deserves further evaluation in such 
cases. and may be particularly appropriate with 
miniaturised instruments in the neonatal period. 

The most common pancreatic disease in children, 
fibrocystic disease, can generally be diagnosed 
without the need for imaging techniques. Ultrasound 
scanning has made a major impact on pancreatic and 
liver diagnosis in adults, and is likely to make an 
increasing contribution in children. It is also 
probable that simplified exocrine function tests will 
achieve a role. At present, the relationship between 
scans. function tests, and pancreatography have yet 
to be established. From this series and from our 
experience on adults,!?!° it is clear that duct radio- 
graphs can sometimes provide a diagnosis if scans 
are megative, but the main role of pancreatography is 
to previde a precise map if pancreatic surgery is 
being contemplated.” There is increasing recognition 
of the importance of congenital pancreatic duct 
anomalies, which can only be demonstrated by 
ERCP, as in 4 children in this series. Failure of 


fusion of the dorsal and ventral embryologica. parts 
of the pancreas (pancreas divisum) was found in 
25% of adults with pancreatitis unrelated to gall- 
stones or alcohol abuse.?? A significant advantage of 
ERCP is that cholangiography and pancreatography 
may both be relevant to the clinical problem as in 
children with choledochal cysts associated with a 
long common channel. Trauma is one of the most 
common causes of pancreatitis in children. Most of 
these injuries can be recognised in the acute phase by 
standard clinical techniques and ultrasound scanning, 
but definitive surgery may be facilitated by pre- 
operative pancreatography.** 

ERCP can be performed in children with relative 
ease. Its clinical contribution will only be established 
by much wider application, which current experience 
would encourage. 
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Desmopressin in nocturnal enuresis 


MORDECHAY ALADJEM, RACHEL WOHL, HAYIM BOICHIS, SARAH ORDA, 
DANNY LOTAN, AND SHIMON FREEDMAN 


Paediatric Renal Unit, Chaim Sheba Medical Centre, Tel-Hashomer, Israel 


SUMMARY The response of desamino-b-arginine vasopressin (DDAVP) was investigated in 32 
enuretic children in a double-blind clinical study. The 15 children treated with DDAVP showed a 
significant reduction in the incidence of bed wetting—from 18-7 + 6-5 to 6:5 + 9-2 wet nights per 
30 days. In 6 children bed wetting stopped entirely, in 6 there was a satisfactory response, and in 
3 the response was marginal or there was none. When DDAVP was stopped most children reverted 
to their earlier bedwetting habits (15-7 + 8-9 nights a month). Response to DDAVP was signifi- 
cantly better in children aged more than 10 years (mean age for the entire group). The administration 
of DDAVP was not associated with any appreciable change in morning urine osmolalities. No 
adverse effects were noted. It is concluded that DDAVP is effective in nocturnal enuresis, particularly 
in older children. It is suggested that the cessation of bed wetting may, in part, reflect functional 


properties of DDAVP rather than antidiuresis. 


Enuresis nocturna (EN) is a common, age-related 
complaint in childhood.! * for which there is as yet 
no clear treatment. Antidepressant drugs? and 
electrical conditioning devices? have been used witha 
modicum of success, despite side effects. 

Recently DDAVP was administered with con- 
siderable success to children with EN,®~‘ and its 
beneficia! effects were attributed to antidiuretic 
properties. 7 The aim of this study was to evaluate 
the response of children with EN during and after 
the administration of DDAVP, and to assess the 
effect of this drug on morning urine concentration. 


Material and methods 


Thirty-two (15 boys and 17 girls) children with EN, 
whose ages ranged from 7 to 15 years, took part ina 
double-blind study. Any child known to have an 
organic disease of the urinary tract was excluded; 
however. 3 patients had a history of urinary tract 
infections and of healed vesicoureteric reflux. 

A complete case history was taken and physical 
examination, urine analysis, and urine culture were 
performed at the start of the study, and repeated 
thereafter. 

The children were studied during three 30-day 
periods. before, during, and after the treatment. 
The treatment consisted of DDAVP (desamino-p- 
arginime vasopressin, Ferring AB, Sweden), 10 ug, or 
placebo. administered intranasally, before bedtime, 
every day, for 30 days. The study was randomised 


and the code was known to neither participants nor 
investigators. Bed-wetting episodes were recorded 
every morning for 90 days. A night in which 
bedwetting had occurred at least once was called a 
‘wet’ night. 

Since the first morning urine in children with 
persistent EN is probably the product of the last 
hours of the night, its osmolality may be higher than 
the first morning urine produced throughout the 
entire night by the children who do not wet their 
beds. For the purpose of assessing concentration 
capacity we therefore measured the osmolality of 
the second morning urine sample before any fluid 
intake. 

Informed consent was obtained in each case from 
one of the parents. 

Data were analysed by the Student’s ¢ test and are 
presented as mean + SD. 


Results 


Fifteen (7 boys and 8 girls) children received 
DDAVP, and 17 (8 boys and 9 girls) children 
received placebo (Table 1). In the DDAVP group 
12 children had been treated previousy with 
chlorimipramine hydrochloride, 2 of whom had 
responded; in the placebo group 3 of the 11 patients 
who had been treated in the past with chlorimi- 
pramine hydrochloride had responded well to the 
drug. 

A familial history of EN was elicited in 4 children 
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Table 1 Clinical data and second morning urine 
osmolalities inthe DDAVP and placebo-treated 
children 


EE 


DDAVP (n=15) Placebo (n= 17) 








Boys 7 8 
Girls 8 9 
Age (years) 10-5 + 2-2 10-0 + 2-5 


Patients with a family 
history of enuresis 4 6 
Urine osmolality 


Before treatment 1032 + 147 920 + 135 
During treatment 1006 + 210 918 + 164 
After treatment 919 + 181 911 + 165 


of the DDAVP group, and in 6 of the control group. 
Mean age was 10-5 + 2.2 (median 10-0) and 10-0 
+ 2-5 (median 9-5) years in the DDAVP and 
control groups respectively. 

Second morning urine osmolalities before, during, 
and after treatment were 1032 -4 147, 1006 + 210, 
and 919 + 181 mmol/l in the DDAVP group and 
920 + 135,918 + 164, and 911 + 165 mmol/l in the 
placebo group. There were no significant differences 
in urine osmolality between the two groups in any of 
the study periods. Morning urine osmolality did not 
change after administration of DDAVP. 

Placebo administration was not associated with 
any significant change in the number of wet nights: 
21-3 + 8-5, 18-8 + 8-3, and 16-9 + 9-4 during the 
three periods—before, during, and after the admini- 
stration of the placebo. 

In the group of children on DDAVP the number of 
wet nights decreased significantly from 18-7 + 6-5 to 
6-5 + 9-2 (P<0-01). Response was prompt and 
could be seen as early as 1-3 days after drug admini- 
stration. When the treatment was stopped the 
number of wet nights rose to 15-7 + 8-9, a value not 
Significantly different from that observed before 
DDAVP (Figure). 

Results were assessed as excellent (no wetting), 
satisfactory (fewer than 7 wet nights per 30-day 
period), or as unsatisfactory. The administration of 
DDAVP resulted in excellent results in 6 children, 
and in satisfactory results in 6 others. In 3 patients the 
results were unsatisfactory: the number of wet nights 
was changed from 27 to 12 in one child, from 28 to 25 
in another, and from 24 to 30 in the third. In the 
children of the placebo group only one child had an 
excellent response and one had a satisfactory 
response (Table 2). 

If the children taking DDAVP are placed in two 
groups according to their ages, the older children 
(mean age >10 years) had better results (6 children 
with excellent results and one in whom the response 
was satisfactory); in the younger group (mean age 
<10 years) results were less Satisfactory (5 had 
satisfactory responses and 3 failed to respond to 
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Before During After 
Placebo o 213łt85 18-8783 16-929:4 
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P<0:01 * 


Figure Number of wet nights (per 30 days) before, 
during, and after administration of DDAVP or 
placebo. 


Table 2. Response to DDAVP or Placebo administration 
in 32 children with nocturnal enuresis 


Excellent Satisfactory Unsatisfactory 


DDAVP 6 6 3 


Placebo I l 15 
Excellent no bed-wetting, satisfactory = fewer than 7 wet nights a 


month, unsatisfactory = more than 7 wet nights a month. 


Table3 Age-related response to DDAVP 
administration in children with nocturnal enuresis 








Age Excellent Satisfactory Unsatisfactory 
(vears) 

<10 — 5 3 

>10 6 l — 


P<0-01 for the two age groups. 


DDAVP) (Table 3). The difference between the 
responses in the two age groups was significant 
(P<0-01). 

None of the children treated with DDAVP had 
any side effects. 


Discussion 


This double-blind study, similar to several others>-? 
shows again that DDAVP is a potent drug in the 
prevention of EN. There were minimal side effects or 
none at all after the administration of DDAVP in 
this series, as in others.5~? 

The response to DDAVP was particularly 
gratifying in children older than age 10 years. The 
results do not seem to favour the hypothesis of 
dose-related response curve. Response to treatment 


was similar when 20 ug of DDAVP, double the dose 
we used, was administered by others. The signifi- 
cantly higher response rate among older children, 
despite a fairly low dose of DDAVP per kg, also 
argues against a dose-related response. 

As in previous reports,’ most of our patients 
reverted to bed wetting once DDAVP was stopped. 

It has recently been suggested that EN is associated 
with reduction in the nocturnal urinary concentrating 
ability of the subject; and that the effect of DDAVP 
on EN is due to its antidiuretic properties. However, 
none of the data presented so far showed an improve- 
ment in this respect after the administration of 
DDAVP’ and no evidence of a reduced urine 
concentration ability was shown in the children we 
studied. 

If the good effect of DDAVP were entirely due to 
its antidiuretic properties, and since the degree of 
antidiuresis due to vasopressin is dose-dependent, 
better results should have been obtained in our lower 
age group rather then worse ones. However, since no 
overnight urine collections were taken it may be 
argued that DDAVP induces a state of antidiuresis in 
the first hours of the night which contributes to the 
cessation of bedwetting. 

Our data show that DDAVP when administered 
daily for one month was effective in controlling EN 
during that period. Additional studies during longer 
periods of treatment need to be done in order to assess 
any permanent effects that DDAVP may have in 
controlling EN. Bed-wetting generally occurs during 
non-rapid eye movement sleep, a state associated 
with mental confusion, lack of response to a wide 
range of stimuli, retrograde amnesia, automatic 
behaviour, and poor response to efforts to provide 
behaviour wakefulness. It has been suggested 
that DDAVP effects the process of memory consoli- 
dation,’ improves attention, concentration, rec- 
ognition, and recall’? and that it reverses 
amnesia.!! It is tempting to relate, at least in part, the 
cessation of bedwetting to DDAVP induced improve- 
ment in these processes. 

We conclude that DDAVP is a safe and useful tool 
in tie treatment of EN, particularly in older children. 
We suggest that the effect of DDAVP on EN may 
not be solely due to its antidiuretic activity. 
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Commentary 


S R MEADOW 


Department of Paediatrics, St James's University 
Hospital, Leeds 


The medical literature is littered witk papers 
reporting the use of different drugs in the treatment 
of enuresis. There are few drugs that have not been 
tried! Unfortunately most of the drug trials have 
been conducted poorly. The authors of this paper have 
completed a carefully controlled trial. They found 
that DDAVP enabled a proportion of children to 
become dry while they were taking the drug. 
Previously the only clear evidence of successful drug 
therapy had come from the tricyclic antidepressant 
drugs—such as imipramine and amitriptyline. 
DDAVP can now be added to that list. However, as 
with the tricyclic drugs so with DDAVP, the 
beneficial effect appears to be temporary and once 
the drug is stopped the children start wetting again. 
No drug has yet been found to be efective in 
producing long-term cure for nocturnal enuresis. 
This limits the use of such drugs and many will feel 
that the drug should be used only for short periods— 
such as during an important visit or holiday. 

It is interesting that the authors are unsure how 
the DDAVP is acting and in particular do rot think it 
is related to its antidiuretic effect. Similarly with the 
tricyclic drugs it is not known why such drugs should 
be effective. It does not seem specifically te be related 
to any of their known properties—that is, why 
antidepressants don’t work, other anticholinergics 
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don’t work, other agents that are local anaesthetics children over age 8 with the buzzer alerm. The 


for the bladder don’t work. 


enuresis alarm cures; drugs do not. The main 


The authors list DDAVP as being in the same limiting factors on the effective use o? the buzzer 
order of therapeutic efficiency as a buzzer alarm. alarm are the circumstances and effort that are 
Many of us would quarrel with that and I certainly required in using it. One’s heart sinks when one 
would consider myself a pretty poor sort of doctor finds out that the bed wetting child shares that bed 
unless I achieved a cure rate of at least 50% on withtwoor three others. 
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Gastrointestinal permeability changes in the preterm 
necnate 


RICHARD C BEACH, IAN S MENZIES, GRAHAM S CLAYDEN, AND JON W SCOPES 


Department of Paediatrics and Department of C hemical Pathology, St Thomas's Hospital Medical School, 
London 


SUMMARY The lactulose/L-rhamnose urinary excretion ratio during continued infusion of milks 
containing both sugars was used as an index of the permeability of the neonatal bowel to large and 
small molecules. Healthy infants of gestational age 31-36 weeks proved to have a period of enhanced 


permeability to lactulose during the first week of life. the lactulose/L-rhamnose excretion ratio 
being significantly higher on day 2 than on days 9 or 16 when a mature pattern of permeability 


could be seen. In infants traumatised by asphyxia or sepsis this change was much less pronounced. 
Healthy preterm infants of gestational age 26-29 weeks showed a ‘mature’ pattern of permeability 
at birth, followed by a temporary period of enhanced permeability after 3-4 weeks of life. It iS 
proposed that enhanced permeability to larger molecules is a specific temporary condition of the 
neonatal bowel in man as in other mammals, but the immunological implications in man remain 


to be established. 


The lining of the adult gastrointestinal tract acts as 
a barrier restricting the passage of large molecules. 
In neonatal mammals gastrointestinal permeability 
to large molecules is known to be enhanced and 
intact immunoglobulins from maternal milk may be 
absorbed by pinocytosis.! The term ‘gut closure’ 
describes the subsequent reduction in permeability 
to an ‘adult’ pattern. In the human neonate immuno- 
globulins are largely acquired transplacentally and 
the role of the bowel has not been fully elucidated. 
Although there is evidence that intact proteins and 
other macromolecules may permeate the bowel both 
in healthy infants and adults,?? proof that this 
transfer is enhanced during the human neonatal 
per od is inconclusive. Thus, although antibodies to 
food allergens are more in evidence during early 
infancy than later in life,t this could equally 
represent an alteration of immune response or of 
antigen permeation. Similarly, the pronounced 
laccosuria during the first week of life described by 
Bickel might be the result either of a transient 
increase in gastrointestinal permeability or of a 
temporary lactase deficiency. The disaccharide 
lactulose which resists the action of human intestinal 
hydrolases® appears to provide a means of dis- 
tinguishing these possibilities.‘ 

The state of gastrointestinal permeability may be 
expressed by comparing the absorption of markers 
of different sizes.8® As part of a study of gastro- 
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intestinal function in preterm infants a method for 
assessing gastrointestinal permeability using lactulose 
and L-rhamnose was developed for use in human 
neonates. 


Methods 


Lactulose content of infant feeds. Liquid infant milk 
formulae supplied to hospitals contain lactulose,” 
which is formed from lactose during heat sterilisation. 
A reliable quantitative paper chromatographic 
method has been developed which shows the mean 
lactulose content of the Premium (Cow & Gate) 
milk in use at this hospital to be 13-1 mmol/l. 


Protocol for permeability testing in preterm infants 
using sugars as markers. Test milks were prepared 
by adding lactulose or L-rhamnose, or both, to 
Premium (Cow & Gate) or to expressed breast milk 
to yield a final concentration of lactulose 13-1 
mmol/l and t-rhamnose 3-0 mmol/l in the milk. 
Infants were then fed on this test milk for periods 
of 24-36 hours. The type, timing, and volume of 
feeds varied with each infant’s age, weight, and 
clinical condition, and no changes were made for 
the purposes of this study. Urinary excretion of the 
marker sugars was assessed either from a 12-hour 
urine sample collected between the 24th and 36th 
hour of the test, or from random urine samples 
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collected after 24 hours. Urine samples were 
preserved with thiomersalate (minimum 10 mg/ 
100 ml urine’) and stored at —20°C for analysis. 
Lactulose was analysed by quantitative paper 
chromatography, and L-rhamnose by quantitative 
thin-layer chromatography. 


Patients. 


Group | 


The 29 healthy preterm infants in this group had a 
mean gestational age (according to Dubowitz e/ 
al.'*) of 34 weeks (range 31-36) and a mean weight 
of 1721 g (1150-2290). All had Apgar scores 
greater than 5 at one minute and 10 at ten minutes. 
None had suffered respiratory distress or required 
intravenous therapy, and all were asymptomatic and 
on full oral feeding by the second day of life when 
the first test was carried out. If possible further 
tests were performed on the 9th and 16th days. 


Group 2 


The 7 infants in this group had a mean gestational 
age of 27-5 weeks (range 26-29) and a mean weight 
of 1040 g (range 870-1500), and all fulfilled the 
Apgar criteria described above. Two of these 
infants suffered recurrent apnoea during the first 
3 weeks of life and four had intravenous fluids. All 
had started oral feeding by the 4th day of life. Tests 
were carried out at weekly intervals if possible. 


Group 3 


The 5 infants in this group had all suffered severe 
perinatal insults. Their mean gestational age was 
37-5 weeks (range 33-40) and their mean weight 
was 3140 g (range 1390-5300). Three of these 
infants suffered severe birth asphyxia with Apgar 
scores less than 5 at ten minutes. One developed 
streptococcal meningitis on the second day of life 
and one suffered severe polycythaemia and hypo- 
glycaemia. 

An additional control group of 30 healthy 
children and adults was studied. After an overnight 
fast they each took an isotonic oral load containing 
lactulose 5 g and L-rhamnose 1 g. Urinary excretion 
of lactulose and L-rhamnose was determined from a 
subsequent 5-hour urine collection. 

All these studies were approved by the hospital 
ethical committee. 


Bacterial decomposition of sugar markers. The 
possibility that bacterial degradation of marker 
sugars might invalidate these test procedures was 
investigated by deliberately contaminating test milks 


containing lactulose and L-rhamnose with samples 
of the upper intestinal flora from preterm neonates 
and incubating the mixture in vitro at 37 °C under 
aerobic and microaerophyllic conditions. Only 
slight changes in the ratio of lactulose to L-rhamnose 
were detected in any sample of milk durimg the first 
4 hours of incubation although there was evidence 
of lactose hydrolysis. 


Results 


Sugar ratios were compared in pairs of random 
urine samples collected between the 24th and 36th 
hours of test milk feeding in 13 infants from group 1. 
No significant differences were found between these 
early and late urine samples, indicating that a 
steady state of intestinal sugar permeation and 
excretion had been achieved by the 24th hour of 
oral test milk administration. Such a ‘steady state’ 
implies that the rate of renal excretion of the sugar 
markers, both of which resist metabolism, is 
equivalent to the rate of permeation from the 
intestinal lumen. Accurate 12-hour urine collections 
were made from 13 infants in group 1, and the 
percentage absorption of lactulose and L-rhamnose 
calculated by comparing the hourly urinary output 
with the oral input. Percentage L-rhamnose ab- 
sorption, which varied between 12 and 40% 
(average 25%) of oral intake, showed no significant 
difference between the 2nd and 9th days. In contrast, 
lactulose absorption was significantly higher on the 
2nd day of life when the average absorption was 
3-2% (range 1-2-7-0) compared with 9th day when 
the average absorption was 1-2% (range 0-7-1-9) 
(P<0-01, Wilcoxon’s ranked sum test). 

The state of gastrointestinal permeability is better 
expressed as the lactulose/L-rhamnose excretion 
ratio, which may be calculated using data from 
urine collections or from random urine sanaples as 
follows: 


% oral lactulose excreted = 


U lactulose x UV/M lactulose x MV (x 100) 


% oral rhamnose excreted 
U rhamnose x UV/M rhamnose x MV ( x 100) 


% lactulose excretion /% rhamnose excretion 
U lactulose x M rhamnose/U rhamnose x M lactulose 
=lactulose/L-rhamnose excretion ratio. 


Where U lactulose = urine lactulose concentration; 
U rhamnose = urine tL-rhamnose concentration; 
M lactulose = test milk lactulose concentration; 
M rhamnose = test milk L-rhamnose concentration; 
MV = volume of milk given per hour; UV = 
volume of urine passed per hour. 
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The infants in group | had a significantly higher 
lactulose /L-rhamnose excretion ratio on day 2 than 
on day 9 (Fig. 1) indicating an increased gastro- 
intestinal permeability to larger molecules in the 
first week of life. No explanation was apparent for 
the very high lactulose/L-rhamnose excretion ratio 
in 5 infants from group 1 (Fig. 1) although they 
appear to form a separate group. These infants have 
been included in the non-parametric statistical 
analysis. There was no significant change in perme- 
ability between the 9th and 16th day in this group. 
The extremely preterm infants in group 2 do have a 
period of increased permeability with high lactulose/ 
L-rhammose excretion ratio, but it occurs later in 
life when the infants are 3—4 weeks old (Fig. 2). In 
this group values for the lactulose/L-rhamnose 
excretion ratic are significantly higher during the 
3rd or 4th weeks of life than values obtained either 
earlier or later. 


(m= 29) (n= 21) 


(n=14) 


Lactulose/L rhamnose excretion ratio 





Postnatal age (days) 


Fig. | Lactulose/L-rhamnose percentage urinary 
excretion ratios during continued test milk infusion in 
heelthy preterm infants of 31-36 weeks’ gestational 
age (group Í). 

Statistical analysis (Wilcoxon’s ranked sum test): 
Day 2 v dav 9: P<0-01. 
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Fig.2 Lactulose/_-rhamnose percentage urinary 
excretion ratios during continued test milk infusion in 
healthy preterm infants of 26-29 weeks’ gestational 
age (group 2). 

Statistical analysis (Wilcoxon’s ranked sum test): 

Week 1-2 v week 3-4: P<0-02; week 5-6 v week 3-4: 
P<0-02. 
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Fig. 3 Lactulose/L-rhamnose percentage urinary 
excretion ratios during continued test milk infusion 
in septic or asphyxiated infants (group 3). 
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The damaged infants in group 3 have a higher 
lactulose/L-rhamnose excretion ratio on day 2 
than on day 9 (Fig. 3), but the extent of this increased 
permeability on day 2 is significantly less than that 
Observed in the healthy infants from group 1. The 
healthy children and adults had a lactulose/t- 
rhamnose excretion ratio of 0-04 + 0-02. 


Discussion 


The lactulose/L-rhamnose urinary excretion ratio 
after simultaneous ingestion of these two sugars 
was used as an index of the permeability of the 
bowel to large and small molecules. The suitability 
of these two sugars, which pass across the intestinal 
wall by unmediated diffusion and are fully excreted 
into the urine after reaching the blood stream, for 
assessing intestinal permeability by this indirect 
method, has already been established.® ° As has been 
shown, these sugars also resist degradation by upper 
intestinal flora when added to infant feeds. 

The percentage of L-rhamnose absorbed after oral 
administration of isotonic test solutions is 20 to 30 
times greater than that of lactulose. Thus healthy 
children and adults demonstrate a lactulose /L- 
rhamnose percentage urinary excretion ratio of 
0-04 + 0-02, to be regarded as the ‘mature’ pattern 
of intestinal permeability. This difference between the 
absorption of lactulose and L-rhamnose is much 
greater than would be expected for unmediated 
diffusion on the basis of molecular weight (342 and 
164 Daltons respectively) unless restriction related 
to pore size is assumed. At least two pathways of 
unmediated permeation for polar molecules have 
been suggested, one with high capacity accommo- 
dating small molecules (180 Daltons and below),!3 
through which L-rhamnose, but not lactulose, could 
pass, and the other of low capacity capable of 
accommodating larger molecules including lactu- 
lose. These pathways have been ascribed to a 
population of small water-filled ‘pores’ of high 
incidence probably situated in cell walls, and a much 
lower incidence of larger channels thought in mature 
bowel to be chiefly paracellular and possibly 
associated with tight junctions.!®-!? Changes in the 
capacity of these two routes of permeation caused. 
for example, by neonatal pinocytosis or disruption of 
the intracellular tight junctions would be reflected 
in the relative absorption of lactulose and L- 
rhamnose, conveniently expressed as the percentage 
urinary lactulose/L-rhamnose ratio after simul- 
taneous oral administration of both sugars as a 
mixture. The lactulose molecule is very much 
smaller than most biological macromolecules. 
However, once a critical size has been exceeded. 
there is evidence that similar permeability patterns 


may be demonstrated using polysaccharides of 
molecular weight up to 3000.!° 

Combination of both permeability markers in the 
same test system offers some important advantages. 
The effects of irrelevant variables—such as gastric 
emptying, dilution by intestinal fluid, transit rate, 
volume distribution within body spaces, renal 
clearance, and reliability of urine collection—are 
conveniently avoided. Although these factors may 
alter total recovery, they make little difference to the 
urinary excretion ratio which is determined solely by 
the state of intestinal permeability. 

The bolus oral loading technique suitable for 
children and adults’ was inappropriate for neonates 
to whom a fasting period followed by administration 
of an aqueous solution of test sugars would be 
disturbing. In place of this a continuous test feeding 
system has been substituted, urine samples being 
obtained after 24 hours when a steady state had 
been established. This test system causes little 
disturbance to infants and can be initiated without 
preparatory fasting. Furthermore marker sugar 
excretion depends mainly on absorption at this 
steady state and is largely independent of possible 
changes in renal function, as alterations in renal 
sugar clearance are balanced by changes in plasma 
sugar concentration. The markers are considered 
harmless at the dose levels used: lactulose is a 
well-known constituent of infant milk feeds often 
present at concentrations similar to those employed, 
and L-rhamnose a naturally-occurring sugar without 
known biological effects. Further alterations in the 
normal feeding regimen are not required, and only 
random urine samples need be collected. 

The patterns of intestinal permeability obtained 
from infants in the present study show interesting 
differences from those found in children and adults. 
Urinary lactulose/L-rhamnose excretion ratios ob- 
tained from preterm neonates (group 1) on the 
second day of life are raised in comparison with 
ratios measured on day 9 and with adult ratios. 
That this is the result of an increase in the perme- 
ability of the bowel to lactulose rather than of 
decreased permeation of L-rhamnose is confirmed by 
data from those infants in group | who had timed 
urine collections in whom lactulose excretion was 
increased on day 2, L-rhamnose remaining un- 
changed between days 2 and 9. 

This early increase in permeability to lactulose 
could theoretically result from impairment of the 
intestinal mucosal integrity associated either with 
‘immaturity’ or with the traumas of birth. However. 
the infants from group 2 maintain a mature pattern 
for between 1 and 2 weeks after delivery, despite 
extreme prematurity. Their period of enhanced 
permeability is not manifest until 3—4 weeks of age. 
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The septic or asphyxiated infants from group 3 do 
have an early period of enhanced permeability, but 
this is less pronounced than that found in the 
normal preterm infants (group 1). There is therefore 
good reason to propose that this temporary period 
of enhanced intestinal permeability is a specific 
condition of the early neonatal period not generally 
manifest until the bowel is sufficiently mature, and 
further that it is inhibited rather than accentuated by 
severe birth asphyxia or sepsis. Early results using a 
suitable modification of this method in term infants 
appear te indicate a similar period of enhanced 
permeability early in neonatal life. 

It is not certain that molecules as large as proteins 
share ths neonatal enhanced transfer and inter- 
actions of immunological significance between 
human meonatal bowel and maternal colostrum 
remain to be established. However, we have shown 
that the bowel of the preterm neonate undergoes 
permeability changes similar to those demonstrated 
in neonatal mammals. Could it be that this period of 
enhancec permeability has some functional sig- 
nificance in the colostrum-fed infants, or does it 
represent a vestigeal remnant of gastrointestinal 
development in lower mammals? 
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Viral hepatitis in Danish children 


Disappearance of an infection from its previous reservoir 


P SKINH@J, K KAAS IBSEN, AND P KRYGER 
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Enterovirus Department, Statens Seruminstitut, Copenhagen, Denmark 


SUMMARY Two hundred and eighty-five healthy Danish children aged between 7 and 17 years were 
studied for hepatitis B antigen and antibodies to hepatitis Aand B. A positive response to each of these 
infections was found in 0-7% of them. During a 5-year period 40 children were admitted to hospital 
with viral hepatitis, 30 of whom had hepatitis A. Eighty-three per cent of these cases of hepatitis A 
were secondary to adult cases, or had resulted from foreign travel. Hepatitis A is no longer endemic 
in Danish children, and morbidity from hepatitis B or non-A non-B is negligible. 


Viral hepatitis types A and B are endemic and are 
mainly perpetuated through subclinical infections 
among children.!? Hepatitis A is found even in 
areas with a high standard of living where clinical 
cases of hepatitis are rare; * hepatitis B infections 
in some countries now more often affect older 
children.? 

A problem that remains is the occurrence of so- 
called non-A non-B hepatitis,’ the epidemiology of 
which is poorly understood as no serological 
marker is available. 

In Denmark, as in most industrial countries, the 
notified incidence rate of viral hepatitis has steadily 
decreased since the second world war and is now 
about 20 per 100000 population a year. At least 
two-thirds of such cases are in young adults. Most 
of these infections are acquired by drug addiction 
or by travelling to poor countries, leaving only a 
few domestic cases to be explained. 

In order to find out if there was still transmission 
of hepatitis among children in our country, we 
investigated the presence of antibodies to hepatitis A 
and B in a series of schoolchildren, and in children 
in hospital with hepatitis, to study the aetiology 
and origin of the infection. 


Material and methods 


Notification rates for viral hepatitis are published 
annually but there are no data on aetiology.® 
Serological investigations were performed on 285 
blood samples randomly drawn from a group of 
healthy schoolchildren. The group consisted of 928 
children (468 girls and 460 boys) chosen at random 
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from families taken from the register of the 
Copenhagen public registration office as an age- 
stratified test sample of persons, living in the eastern 
part of Copenhagen on | January 1976. Blood 
samples were taken at the schools, so that each 
child had been sufficiently well to attend school on 
the day of sampling. 

The sera were tested for antibody to hepatitis A 
(anti-HAV) and acute phase (IgM) antibody to 
hepatitis A (anti-HAV IgM) by an enzyme-linked 
immunosorbent assay described elsewhere? 8 and 
studied for hepatitis B surface antigen and antibody 
(HB.Ag and anti-HB,) by a commercial assay kit 
(Hepagnost, Behring Werke). 

The department of infectious diseases. which 
receives most patients with viral hepatitis in the 
greater Copenhagen area, studied all the children 
in hospital. The discharge card for any patient in 
whom a final diagnosis of acute viral hepatitis had 
been given between 1976 and 1980 was reviewed. 
Any patient younger than 16 years (of whom there 
were 40), was evaluated according to the results of 
tests for anti-HAV IgM, HB.Ag, and anti-HB, as 
described elsewhere.” The probable origin of 
infection was assessed from the history taken at 
admission. All patients, with the exception of one. 
had serum transaminase values exceeding 10 times 
the upper normal limit; all but 5 were jaundiced. 


Results 
The reported incidence of viral hepatitis in Copen- 


hagen between 1975 and 1979 is summarised in 
Table 1. Altogether 42% were encountered in drug 


addicts and about 20% were seen in individuals 
returning from foreign travel Children aged 
between | and 14 years comprised 44 (4%) of cases. 

The results of the serological survey of markers 
for hepetitis A and B infection are shown in Table 2. 
A 7-yeer-old girl and a 15-year-old boy had anti- 
body to HAY, while each was negative for anti-HA V 
IgM. Cne of them had had a clinical attack of 
hepatitis, and the other, who had been adopted 
from Korea. could provide little information about 
earlier diseases. Two boys, aged 12 and 17 years, 
were positive for anti-HB,; neither had clinical 
evidence of hepatitis. 

A cl nical survey of patients in hospital is sum- 
marised in Table 3. Thirty of the 40 children had 
hepatitis A infection, 6 had positive reactions for 











Table _ Cases of viral hepatitis in Copenhagen 
notifiea durimg a 5-year (1975-79) period 
vee a S 
Age Males (n = 729) Females (n — 294) 
group — 
Total Incidence Total Incidence 
aD no 
l- 6 12 (15) 10 (15) 
7-14 11 (12) 11 (12) 
15-44 657 (123) 253 (52) 
45-64 49 (16) 20 (5 


Table 2. Presence of antibodies to hepatitis A and B 
in 285 healthy children in Copenhagen 


a 








Age graup Anti-HAV HBsAg Anti-H Bs 
7-10 (n = 95) l 0 0 

11-14 (n 110) 0 0 l 

15-17 (n 80) | 0 l 

Table 3 Aetiological and epidemiological findings in 


40 chiidren with viral hepatitis 


Hepat'tis Patients Age range (years) Origin of infection 











1-6 7-14 
A 14 boys | 14 16 Foreign travel (n ~ 14) 
16 girls f Secondary to adult 
imported case (n 5) 
Secondary to adult domestic 
case (n 6) 
Secondary to friend (n 1) 
Part of family outbreak 
(n 3) 
Unknown (n 1) 
B lboy \ r Contract with drug addict 


5 irls f , (ri = 2) 
Unknown (n 4) 


Factor VIII transfusion 
NomA 3boys | e = 


3 l (n 1) 
non-B | girl J Foreign travel (n 2) 


Unknown (n 1) 


n 


Viral hepatitis in Danish children 147 
HB, Ag, and 4 were negative for both hepatitis A and 
B markers. 

Among patients with hepatitis A, 47% had con- 
tracted the disease abroad and a further 47 % cases 
were secondary to adult clinical ones; only a few 
cases could be attributed to child contacts and 
unknown sources. In contrast, in only 2 patients 
with hepatitis B was the exposure unknown. 


Discussion 


The distribution of hepatitis viral agents among 
children with clinically overt diseases and th2 pre- 
ponderance of hepatitis A, were similar to those 
reported elsewhere.” Hepatitis B as well as non-A 
non-B cases appeared to be of minor importance 
among clinical cases of hepatitis in Danish ch Idren. 
Widespread dissemination of hepatitis B virus was 
not found in the serological survey. Furthermore, the 
study showed that clinical cases of hepatitis A in 
children in Copenhagen are now rare and that most 
cases originate from exposure in foreign countries 
or from adult contact. The serological survey also 
confirmed that subclinical transmission ef the 
infection had not taken place to any significant 
extent in children born since 1961. It may now be 
claimed that this infection has disappeared as an 
endemic agent from its former natural reservoir. 
Support for this assumption is obtained “rom a 
number of anti- HAV surveys in groups of adults.” 
A steadily decreasing rate of immunity with de- 
creasing age has been found since the second world 
war. This parallels the decline in the incidence of 
clinical hepatitis and suggests that immunisa-ion has 
decreased in recent years. 

The reason for this achievement is probably the 
steady improvement in housing and hygiene during 
the last 30 years. However, it should be borne in 
mind that children, now highly susceptible to this 
infection, may rapidly disseminate hepatitis A, if 
exposed, at school, and that immunoglobulin pro- 
phylaxis for high risk travellers and for patients’ 
contacts should be reinforced. 
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Editor’s comment 


It is interesting to recall that 50 years ago the high 
incidence of ‘epidemic catarrhal jaundice’ in 
Wensleydale in Yorkshire enabled Dr William 
Pickles to establish convincingly that infective 
hepatitis was transmitted by person-to-person con- 
tact. Moreover a majority of the 250 patients whom 
he studied (out of a population of 5500) were child- 
ren. Twenty years ago infective hepatitis was still 
common in British children, but it has become rare. 
In North America and in northern Europe most 
cases now occur in adults. 

It is likely that the Danish findings would apply 
to most European countries including the UK. 
Notifications of infective jaundice have fallen to 
about 15% of what they were 10 years ago, and the 
decline has been most evident in schoolchildren. The 
changing pattern of infective jaundice is probably 
attributable to improved hygiene, and the better 
Sanitation associated with modern housing and less 
overcrowding. This has resulted in the great fall 
in the incidence of hepatitis A which is usually 
spread by the faecal-oral route. The incidence of 
hepatitis B has remained much the same but is rare 
in children in the UK. 
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Boutonneuse fever 


F A MORAGA, A MARTINEZ-ROIG, J L ALONSO. M BORONAT, AND F DOMINGO 


Social Security Children’s Clinic, Residencia Sanitaria Francisco Franco, and Department of Paediatri-s, 
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SUMMARY Sixty children, aged between 2 and 10 years, had boutonneuse fever during the summer 
montks of 1979 and 1980. They presented with fever and a generalised maculopapular rash. The 
tache noire could be seen at the site of the tick bite in 38 (63%) of them. The antibody response, 
assayed nonspecifically, by the Weil-Felix reaction was positive in 52. A singe titre of more than 
1:80 or a 4-fold increase between two paired specimens separated by a 7-day interval was con- 
sidered diagnostic. Maximum titres were reached at the end of the second week of convalescence 


in 81°% of patients. Treatment with oral oxytetr 


Boutonneuse fever, a tick-borne rickettsial infection 
caused by Rickettsia conorii, is rare in childhood, 
even in endemic areas.! ° 

Sixty children who had this disease in 1979 or 
1980 form the basis of this report. 


Patients and methods 


Sixty children, aged between 2 and 10 years, with 
boutonneuse fever were diagnosed in the summer 
months of 1979 and 1980. All patients presented 
with fever and exanthema. 

Clnical data of the patients are given in Table 1. 
Fever of 39-40°C was present in all and lasted for 
6 to 14 days. A generalised, red, maculopapular 
rash erupted on the third day of fever (range, | to 
7 days), and affected the palms of the hands and 





acycline was effective in all cases. 


soles of the feet (Figs 1 and 2). The rash was 
petechial in 7 cases. The fache noire at the site of 
the tick bite was noticed in 38 (63%) cases; it 
consisted of a small ulcer with a black centre 
surrounded by a red halo (Fig. 3). The site of the 





Table 1 Clinical symptoms in 60 patients with 
hboutonneuse fever 

Symptom No of cases (%) 

Fever 60 100 
Exanthema 60 100 

Tache noire 38 63 
Arthralgia/myalgia 24 40 
Adenopathy 20 33 
Hepatomegaly 12 20 
Splenomegaly 12 20 
Abdominal tenderness 10 17 
Conjunctivitis 8 13 

Fig. | Maculopapular rash with 


tache noire lateral to the left 
nipple. 
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primary lesion in 38 children is shown in Table 2. 
Enlarged lymph nodes were palpated in 33% of 
the patients. Five out of 10 patients with abdominal 
tenderness had vomiting and diarrhoea. Febrile 
convulsions occurred simultaneously with a rapid 
increase in temperature in one child. 

The Weil-Felix reaction with OX-19, OX-2, and 
OX-K strains of Proteus vulgaris was positive in 
52 patients. A single titre of more than 1:80 was 
considered diagnostic, or a 4-fold increase between 
two paired specimens separated by a 7-day interval. 





Fig. 2 Rash on the soles of the feet. 








Table 2 Localisation of tàche noire in 38 cases 


Site No of cases 








Neck 

Scalp 

Back 
Retroauricular area 
Axillary region 
Scrotum 

Arm 

Abdomen 

Thorax 


-VYNNA UASO 


Titres ranged from 1:40 to 1:640; maximum titres 
were reached at the end of the first week of con- 
valescence in 4 patients, at the end of the second 
week in 42 patients, and at the end of the third week 
in 6 patients. The remaining 8 patients with un- 
confirmed serological diagnoses were included in the 
study because of characteristic clinica] features— 
fever, tàche noire, and maculopapular eruption. 

Treatment with oral oxytetracycline (50 mg/kg 
per day for 7 days) was effective in all cases. Fever 
subsided after 2 days of treatment, and recovery 
was uneventful. 


Discussion 


Boutonneuse fever—also known as fièvre bouton- 
neuse, Mediterranean fever, and Marseille fever—is 
prevalent in Mediterranean areas and is caused by 
R. conorii. The principal vector is Rhipicephalus 
sanguineus, a common tick parasite of dogs, rodents, 
and domestic animals, but other ticks may also 
transmit infection. These vectors constitute a 
reservoir of infection. Ticks inoculate rickettsiae 
directly at the time of the bite, and rickettsiae are 
introduced into the wound by scratching the 


Fig. 3 Tàche noire lateral to the 
nipple. 


irritated site. Rarely, the disease may be acquired 
via the conjunctival route. 

The tick-bite fevers of Africa, including Kenya 
fever or Kenya typhus and South African tick fever, 
together with Indian tick typhus, appear to be 
substantially the same disease as boutonneuse fever. 
In general, the epidemiology of these tick-borne 
rickettsioses includes ixodid ticks and small wild 
animals, which maintain rickettsias in nature; if 
humans are introduced accidentally into the cycle 
they become a deadend in the transmission chain. 
The dependence of boutonneuse fever on the tick 
for transmission results in a consistent seasonal 
peak beginning in late June and continuing until 
mid-October;! 90% of our cases were seen in 
August and September. The role of the family dog 
may also be significant, especially for children since 
a child’s canine pet may bring the ticks home. In 
our series a contact with dogs was confirmed in 49 
cases. 

Boutonneuse fever is milder than American 
spotted fever, and it is distinguished clinically by 
the small. local, indurated lesion with a necrotic 
centre which develops at the site of the tick bite (the 
eschar or ‘ache noire), and by regional adenopathy. 
Its rate of occurrence varies from 40 to 80% (63% 
in our experience), but its discovery is pathogno- 
monic. Systemic illness starts about 5 to 7 days after 
the tick bite with the classical rickettsial symptoms 
of headache, fever, chills, malaise, and myalgia. 
The cause of the toxic and febrile state produced by 
rickettsia! infection remains unknown; rickettsial 
toxins (lethal on mice) have been described,* but 
their role in the pathogenesis of the disease is 
unknown. 

Laboratory diagnosis is an indispensable adjunct 
to the identification of the disease of rickettsial 
aetiology, and involves serological identification of 
serum antibody.4 The antibody response may be 
assayed nonspecifically by the Weil-Felix reaction, 
and specifically using rickettsial antigen by com- 
plement fixation, rickettsial agglutination, and 
neutrelisation of toxic activity. The Weil-Felix 
reaction relies on the antigen cross-reactivity 
between certain Proteus sp. bacteria and the 
antigens of the Rocky Mountain spotted fever and 
other rickettsiae (including R. conorii). Three 
Proteus sp. strains are generally used—namely, 
OX-19, OX-2, and OX-K;; the test is an agglutina- 
tion reaction. Single titres of 1:80 or 1:160, and 
rising titres to a 4-fold increase between two paired 
specimens strongly support the diagnosis. Weil- 
Felix antibodies begin to appear at about the seventh 
day and peak about the third week; 81% of our 
positive reactions were found at the end of the 
second week. Normal serum from persons living in 
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endemic localities often show an agglutination 
titre of 1:50. The Weil-Felix reaction shows an 
anamnestic response in a number of febrile diseases, 
especially typhoid fever and relapsing fevers.® 

Because a rising titre may be of diagnostic value, 
a serum specimen should be tested for Weil-Felix 
antibody as soon as the possibility of boutonneuse 
fever is considered. An early negative titre may 
provide a useful baseline for later comparison. 
Thirty-two out of our 52 patients agglutinated both 
OX-19 and OX-2 strains, while the remaining 20 
agglutinated single strains (OX-19 or OX-2). In 9 
patients low titres (1:40) were given with OX-K 
strains; they were interpreted as cross-reactions, as 
positive titres are diagnostic for tsutsugamushi 
disease. Purified R. conorii antigens for specific 
tests were not available in our laboratory. Edlinger? 
reported good agreement between complement 
fixation and indirect microimmunofluorescence 
when compared for specificity and sensitivity in 
detection of antibodies against R. conorii in acute 
and convalescent human sera. 

Tetracyclines are effective therapeutic agenzs for 
boutonneuse fever; our patients became afebrile 
after 2 or 3 days of treatment and recovery was 
rapid without sequelae. A case fatality rate of 
1-2% has been reported in adults, often in severe 
forms with hepatic involvement,’ myocardits, or 
neurological damage. Children generally recover. 
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Short reports 


Oral rehydration in acute infantile diarrhoea with a glucose-polymer 


electrolyte solution 


BUPINDA K SANDHU, B J M JONES, C G D BROOK, AND D B A SILK 
Department of Paediatrics and Department of Gastroenterology, Central Middlesex Hospital, Lonaon 


SUMMARY Seven infants with mild acute diarrhoeal 
dehydration were rehydrated with an oral sugar- 
electrolyte solution containing a glucose polymer 
mixture. Six of them were rehydrated successfully. 
The high sodium content of the solution (90 mmo!/I) 
was based on the WHO/UNICEF recommended 
glucose-electrolyte solution and was implicated as 
the cause of increases in serum sodium in 4 infants, 
one of whom developed serious hypernatraemia 
associated with glucose-positive stools. A solution 
with a lower sodium and glucose-polymer content 
may be of nutritional benefit in the oral rehydration 
of acute infantile diarrhoea. 


Acute infective diarrhoeal dehydration is a leading 
cause of infant mortality both in backward and 
developed countries.’ A major advance in the 
management of the condition has been the introduc- 
tion of oral rehydration with electrolyte solutions 
containing either glucose or sucrose.* Although each 
sugar is highly effective, sucrose supplies twice the 
number of calories for the same osmotic load. An 
electrolyte solution containing glucose-polymers 
could supply much greater energy at no extra 
osmotic cost, and thus provide much needed 
nutritional support during the acute episode which 
so often takes place in areas of endemic mal- 
nutrition.| We have therefore assessed a glucose- 
polymer electrolyte solution (G-PES) in the 
management of acute diarrhoeal dehydration in 
infants. 


Patients and methods 


Seven normally nourished infants (mean age 
12-8 + 0-4 months, range 3-34) suffering from 
acute infective diarrhoeal dehydration (rotavirus 
n = 4, enterovirus n = 1, no agent isolated n = 2) 
with less than 10% body weight loss were studied: The 
isotonic (300 mosmol/kg) G-PES used for rehydra- 
tion contained Caloreen (Roussel Laboratories Ltd) 


125 g/l (110 mosmol/kg and yielding 73C mmol/l free 
glucose on complete hydrolysis), sodium 9) mmol/l 
on WHO/UNICEF universal glucose- 
electrolyte solution),*? potassium 19 mmol/l, calcium 
4-5 mmol/l, magnesium 5 mmol/l, chloride 40 
mmol/l, and citrate 30 mmol/l. Between 100 and 
150 mi/kg G-PES was given and this was supple- 
mented by breast feeding in 2 cases and water 
ad libitum until symptoms abated. Body weight and 
serum electrolytes were monitored daily and blood 
glucose 6 hourly. Stool microbiology, suzar content, 
frequency, and consistency were also noted. 


Results 


Total fluid -intake during the first 24 hours of 
treatment was 989-0 +- 78-0 ml (129-2 + 18 ml/kg) 
of which 845-7 +83 ml (114 +20 mi/kg) was 
G-PES. 

Diarrhoea resolved within 48 hours of admission 
in every infant except one (Case 4) in whom diarrhoea 
persisted for 5 days after admission. No sugar was 
detected in his stools but on changing from the 
G-PES to SMA feeds on day 5 the diarrhoea 
resolved. In the remaining infant (Case 7), diarrhoea 
worsened during 48 hours on G-PES. Sugar was 
detected in the stools and severe hyrernatraemia led 
to a convulsion. After intravenous rehydration, the 
infant made a good recovery. 

On admission, all infants were normonatrae- 
mic (mean 140 + 0-4 mmol/l, range 136-143). 
Within 48 hours of treatment, the level of serum 
sodium rose to a mean of 146-2 + 3-3 mmol/l, 
reflecting rises in serum sodium of >3 mmol/l in 4 
infants, in one of. whom the sodium rose to 
162 mmol/l. 

However, initial values for blood urea (€-0 -++ 0-8 
mmol/l) and bicarbonate (14-4+1-0 mmnol/) 
showed significantly favourable changes after oral 
therapy (urea 3-2 + 1-0, P<0-05; bicarbonate 
21-8 -+ 2-0, P<0-02.) However, body weights in the 
5 infants successfully treated showed only moderate 
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Table Progress of infants treated with glucose polymer-electrolyte solution 




















Case Diagnosis Duration of diarrhoea Body weight Urea (mmol/l) Bicarbonate Serum sodiam 
(days) (kg) (mmol/l) (mmol/l) 
Before In Before After Before After Before After Before Ater 
admission hospital 
l No pathogen detected 3 l 5-2 5.54 8-4 2-6 12 20 143 14] 
2 Rotavirus 5 2 9.1 9.43 6-9 4-0 12 21 143 146 
3 No pathogen detected 7 l 9-48 9-64 6-0 4.5 12 23 138 137 
4 *Enterovirus 2 5 4-6 4-46 2-2 0-5 17 23 141 145 
5 Rotavirus 4 l 16-4 16-5 4-7 1-8 18 29 136 141 
6 Rotavirus 3 2 10-9 11-6 6-8 6-0 13 19 141 142 
7 Rotavirus l 2 6-5 6-34 6-9 4-8 17 18 138 152 
Mean 4+0-9 1-9-+0-5 8-9 9.1 6-0 3-46 14-4 21-9 140 144 
+ 1-5 1-6 -0-8 +-0-7 +1-0 4-1-4 +0-4 —3-1 


*Diarrhoea settled on transfer to SMA feeds, glucose-negative stool. tHypernatraemic convulsion. Intravenous rehydration required, glucose- 


positive stool. 


increases, reflecting the mild degree of dehydration. 
In the remaining 2 infants body weight fell despite 
improvements in levels of blood urea and bicarbonate 
(Table), and diarrhoea persisted beyond 48 hours in 
one of them. 

Traasient increases in blood sugar above 
7-5 mmol/l occurred in one infant only. With the 
exception of one (the oldest child aged 34 months) 
all the children tolerated G-PES well. Vomiting was 
not a limiting factor. 

After the hypernatraemic convulsion, no further 
infants were entered into the study. 


Discussion 


The ealorific content of G-PES (525 kcal (125 kJ)/I) 
exceeded that of the widely used sucrose (160 kcal 
(38 kJ)/I) and glucose solutions (80 kcal (19 kJ)/l) 
without increasing overall osmolality. Thus, the 
successful outcome in 6 of the 7 infants suggests that 
a glucose-polymer solution may have a place in the 
management of acute infective diarrhoeal dehy- 
drat on but the tendency towards hypernatraemia, in 
one case severe enough to lead to a convulsion, 
preciuded further use of the solution in that form. 
The changes in urea, bicarbonate, and body weight 
imp ied successful rehydration, but the rises in the 
coneentration of serum sodium in 4 of the 7 suggest 
that sodium absorption in excess of water absorption 
was. taking place. 

S-veral factors may be implicated.’ Firstly, the 
high sodium content (90 mmol/l), although based on 
WHO/UNICEF recommended glucose-electrolyte 
solution? might have led to excessive sodium 
absorption. Secondly, hypernatraemia is more 
likealy to-develop if diarrhoea sodium content is low 
as s the case with rotavirus infection.* Persistent, 
low-sodium diarrhoea! results in greater water than 
socium losses thus leading to hypernatraemia. 


Thirdly, although glucose polymers are known to be 
powerful stimulants of sodium and water abserption 
in normal subjects, and in the short bowel syn- 
drome, malabsorption of sugar may occur during 
acute infective diarrhoeal dehydration,! * <urther 
exacerbating water losses, such diarrhoea character- 
istically having a low sodium content.’ As sugar was 
detected in the stools of the most severely hyper- 
natraemic infant, malabsorption of glucose polymers 
might have been implicated in this case. However, 
successful rehydration without hypernatraemia is 
possible despite evidence of sugar malabsorption.' 7 

Since the WHO glucose electrolyte solution may 
confer nutritional benefit in endemically mal- 
nourished children,! a glucose polymer solution as 
used in this study may prove to be of greater 
nutritional benefit. However, we believe the overall 
tendency for serum sodium to rise can be principally 
attributed to the high sodium content of our solution 
and we thus agree with those who advocate a more 
flexible approach than WHO/UNICEF towards 
sodium contents as low as 25 mmol/I,! 8 particularly 
in temperate climates. Thus future studies should be 
concerned with a formulation containing a lower 
sodium and glucose-polymer concentration, although 
such a solution could still provide greater nutritional 
support than the cheaper more readily available 
glucose and sucrose electrolyte solutions. 


We thank the nursing and medical staff of the 
Paediatric Unit, Central Middlesex Hospital, for 
assistance. 
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SUMMARY High levels of faecal «-l-antitrypsin were 
found in children suffering from acute rotavirus 
diarrhoea and in children with diarrhoea in whom 
no microbial pathogen could be established. The 
results suggest that transient protein-losing entero- 
pathy is common in acute childhood diarrhoea and 
may influence the outcome of the disease. 





Gastrointestinal protein loss is a common pheno- 
menon that has been demonstrated in association 
with more than 70 disorders affecting the gastro- 
intestinal tract.! There is a lack of information about 
protein loss during diarrhoea because methods have 
been cumbersome.! 

Crossley and Elliott,? and later Bernier et al., have 
shown that measurement of faecal «-l-antitrypsin 
(a-1-AT) is a simple and reliable index of excessive 
loss of plasma proteins into the gastrointestinal 
tract. Recently Thomas et al.* demonstrated its 
value in screening for various gastrointestinal 
mucosal disorders in children. 

Diarrhoeal diseases are a leading cause of child 
death in developing countries, and the existence of a 
vicious circle of malnutrition and gastroenteritis is 
well known.® Since rotavirus is a major pathogen of 
childhood diarrhoea in both temperate and tropical 
climates, it would be helpful to know if gastro- 
intestinal protein loss occurs in acute rotavirus 
diarrhoea. We have now studied «-1-AT content of 
stools from children in hospital because of diarrhoea. 


Materials and methods 


During a l-year prospective study of the aetiology of 


childhood diarrhoea® stool samples were randomly 
collected in the acute and convalescent stage of the 
disease for «-l-AT measurements. The faecal 
samples were freshly frozen at —20°C. 

The patients were divided according to the 
aetiology of the diarrhoea into two study groups: 
rotavirus-associated diarrhoea with no evidence of 
other simultaneous enteropathogen (91 patients), 
and non-specific diarrhoea with no demonstrable 
microbial aetiology (60 patients). In the latter group 
no rotavirus, adenovirus, Salmonella sp, Shigella sp,. 
Yersinia sp., Campylobacter sp., diarrhoea 
Escherichia coli or Giardia sp. could be demon- 
strated. For comparison the «-l-AT content ol 
stools was measured again in the same patients about 
4 weeks after diarrhoea (60 patients, the contro 
group). 

Faecal «-l-AT determinations were made 
according to Crossley and Elliott,* using com 
mercially available immunodiffusion plates (M 
Partigen, Behringwerke, Marburg, W. Germany). 


Results 


Mean faecal «-l-AT concentration (--SE) in thi 
rotavirus patients was 2:74+0-34 mg/g dry weigh 
(range 0-16-88). There was no statistically significan 
difference when compared with the non-specifi 
diarrhoea group (3-34-+0-62) (range 0-28-13) 
Both groups of patients with diarrhoea differe: 
significantly (P<0-001) from the control grou 
(0-44 -+ 0-06) (range 0-2-80) (Fig. 1). 

Faecal «-1-AT concentration was over 1-3 
mg/g dry weight (mean of controls +2 SD) in 56% 
57 %, and 3 % of the children in the respective group: 
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Fig.l Faecal «-l-antitrypsin concentration 

(mean + SE) in children suffering from acute rotavirus 
(n=91) and nonspecific (n=60) diarrhoea and in the 
same children at the convalescent stage one month 
later (controls, n=60). 
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Fig.2 Faecal «-l-antitrypsin concentration in serial 
stool specimens from 5 children with rotavirus diarrhoea 
(closed circles) and from 5 children with nonspecific 
diarrhoea (open circles). 


Fig. 2 shows the faecal output of «-l-AT during 
the acute and convalescent stage of the diarrhoea in 
some children from whom serial stool specimens 
were available. Transiently high levels of «-1-AT 
were seen in both study groups. 


Discussion 


Abnormal random faecal «-l1-AT concentrations 
have been found to reflect excessive serum protein 
loss from the gut.2-4 The test is non-invasive, 
non-isotopic, and is easily carried out; therefore it is 
suitable for children. In a recent study by Thomas 
et al“ high levels of faecal a-1-AT were found in 
children with coeliac disease, allergic gastrcentero- 
pathy, lymphangiectasia, nonspecific colitis, acute 
gastrointestinal bleeding, and active chronic 
inflammatory bowel disease but not from healthy 
children. These disorders have all previously been 
found to cause protein-losing enteropathy by 
51Cr-labelled albumin excretion tests. It seems 
obvious that if faecal output of this protease inhibitor 
exceeds normal, increased permeability of plasma 
proteins to the gut lumen must occur because food 
does not contain «-1-AT. 

In the present study protein-losing enteropathy 
was screened in about 150 children suffermg from 
acute diarrhoea. We measured «-1-AT from random 
stool specimens and freeze-dried the samples to 
eliminate the influence of faecal water on the results. 

The findings were clear. Transiently high levels of 
faecal «-1-AT were found in many children suffering 
from acute rotavirus diarrhoea and also in those in 
whom no diarrhoeal pathogen could be established. 
Therefore, unlike some previous observations,? 
leakage of plasma proteins into the gut lumen 
appears a common phenomenon and one which may 
lead to hypoproteinaemia.”? This was not observed 
in our series of infants with good nutritional 
status. The underlying lesion leading to protein 
leakage during intestinal infection may vary, since 
similar quantities of «-1-AT were found in rotavirus 
diarrhoea and in ‘nonspecific’ diarrhoea. In 
evaluating this finding one might recall that protein 
loss has also been shown to occur in measles 
enteritis.’ 

In conclusion, transiently high faecal «-1-AT 
concentration is often found in acute childhood 
diarrhoea, suggesting the presence of protein-losing 
enteropathy. Excessive gastrointestinal protein loss 
may pass unnoticed in well-nourished children but 
may be an important trigger to the development of 
malnutrition in already undernourished children. 
These results also support the view that food intake 
should continue whenever possible during a 
diarrhoeal episode.*® 
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a 
SUMMARY The relationship between blood require- 
ment and the mean level of maintained haemoglobin 
was examined in 392 patients with homozygous 
3-thalassaemia. Pre- and post-transfusional haemo- 
globin levels and the amounts of blood transfused 
were measured during a l-year period. No significant 
differences were noted in the blood requirements of 
patients (splenectomised or not) irrespective of 
the haemoglobin level. It may be supposed that 
if the mean haemoglobin level is high the haemato- 
poietic activity is inhibited, and hence the bone 
marrow mass and total blood volume are reduced. 
High haemoglobin levels may thus be obtained with 
no increase in blood intake. 


——— ae 


An understanding of the relationship between the 
amount of blood transfused and the mean haemo- 
globin (Hb) level maintained in patients with 
homozygous §-thalassaemia is important when 
assessing the risks and benefits of transfusion; 
it is important, too, in the clinical management of 
the patient. Data are scanty and conflicting. Modell! 
reported a linear correlation between these two 
measurements, but Propper et al2 found that the Hb 
level could be raised without increasing the amount 
of blood transfused, except during the initial few 


months. It was decided therefore to examine this 
question on a larger scale, using patients collected 
from three centres. 


Material and methods 


A total of 392 subjects aged between 2 and 23 years 
(166 from Turin, 158 from Ferrara, and 68 from 
Milan) were studied for 2 years. One hundred and 
eighty-four of them had been splenectomised. Any 
patient with hypersplenism or signs of isoimnaunisa- 
tion, or any patient who underwent splenectomy 
during the period of observation was excluded. 
Patients were transfused as outpatients every 25-30 
days with one or two blood units. The amount 
that Hb levels increased by transfusion was 
3-5-4 g/dl. The mean Hb level maintained was 
calculated as the average of the pre- and post- 
transfusional values during one year.! The blood 
consumption was determined as the amount of 
blood (ml of concentrated red cells with haematocrit 
(75-85 °%)) transfused during the same period, divided 
by the body weight in June. 

The Hb levels were classified into groups so that 
the mean blood consumption could be statistically 
analysed by means of Student’s ¢ test; the paired-data 
t test was used to compare the requirement in each 
year of any patient in whom the Hb level increased. 
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Results 


The Figure shows mean blood consumption 
plotted against Hb levels. It can be seen that 
consumption was significantly lower in the 
splenectemised patients (mean 154-44 9-8 compared 
with 182-2--10-6). No significant differences could 
be seen in the blood requirements of patients 
(splenee!omised or not) in relation to maintained Hb 
levels. Of the 83 patients who had increases of 
more than 1 g/dl in the second year of follow-up only 
the 45 splenectomised subjects had a mean 12% 
decrease in blood requirement (t=4-84; P<0-001); 
the requirement of the non-splenectomised patients 
was unchanged (Table). 

The blood requirement of our splenectomised 
patients with different Hb levels was compared with 
values observed by Modell in Britain! after making 
adjustment for the differences in haematocrit of 
blood units infused in Italy and Britain. Blood 
consumption of patients with more than 10 g/dl is in 
the same range as that of Modell’s patients. 
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Figure Blood requirement per year in thalassaemic 
patients maintained at different mean haemoglobin 
levels (mean values +- SD). 


Table Blood requirement (mean + SD) of transfusion- 
dependent patients in whom an increase of more than 
1 g/d! of the mean Hb level was achieved 


Patients Blood requirement 








First year Second year 
Splenectomised (n=45) 173-8 + 43-0 149-2 + 33-6 
Net splenectomised (n = 38) 194-3 + 97-1 199-2 44-5 


Discussion 


Transfusion protocols that maintain a high mean Hb 
level give thalassaemic patients a life that is practi- 
cally normal; there is also a decrease in skeletal 
deformity and less chance of damage caused by 
hypoxia.® 

If there is a positive linear relationship between Hb 
level and blood requirement, as suggested by 
Modell. Hb levels can be raised only by increasing 
the amount of blood transfused, and hence by 
increasing the iron overload. Our results, like those 
of Propper et al.,” show that all subjects maintained 
on between 9 and 14 g/dl had the same blood 
requirement. The reason for the differences setween 
Modell’s data and our data could be that Modell’s 
correlation included patients kept at a lower Hb level 
(<9 g/dl) than ours. If this were to be the case, the 
maintained Hb level would be the result ef endo- 
genous erythropoiesis as well as of the tramsfusion. 
In this connection, it should be remembered that 
there are many 2° thalassaemics in Italy. In Britain, 
on the other hand, most patients are 8*, and their 
erythropoiesis may be more efficient, owing to a less 
pronounced imbalance in Hb chain synthesis. 

When the mean Hb level is raised to over 10 g/dl 
by periodic transfusions, endogenous production 
makes a non-significant contribution to its main- 
tenance!-® and there is a levelling off of the blood 
requirement. Moreover there was a signiicant re- 
duction in blood requirement in splenectomised 
patients in whom mean Hb level was raised in 2 
different years, pointing to more effective inhibition 
of haemopoietic overactivity, and hence a reduction 
in marrow mass and total blood volume.?~® Our data 
suggest that the maintenance of high Hb levels in 
transfusion-dependent thalassaemic patients does not 
require a higher blood intake than that for standard 
Hb levels. Since it also reduces intestinal absorption 
of iron,’ 8 supertransfusional protocols may prove 
to be the most beneficial. 


We thank Dr B Modell for constructive c7iticism. 
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ee 
SUMMARY Two cases are described of a previously 


unrecognised sequel of posthaemorrhagic ventricular 
dilatation. The first case documents freely mobile 
blood clots within the lateral ventricular system, the 
second variable asymmetry in the size of the dilated 
lateral ventricle. The unilateral ventricular dilatation 
depended on which side the infant was lying, the 
dependent ventricle being considerably larger than 
the upper one within 4 hours of head turning. Each 
of these conditions spontaneously resolved with no 
specific treatment. 

eg en Ss 


Intracranial haemorrhage and consequent post- 
haemorrhagic dilatation are well-known entities in 
preterm babies! ? and real-time ultrasonography has 
proved to be a safe and accurate method for diag- 
nosing intracerebral haemorrhage and measuring 
ventricular size.3-® 

By using real-time ultrasonography routinely we 
have been able to follow the development of this 
condition and to note two unusual consequences of 
posthaemorrhagic dilatation. 


Patients 


Case 1. A boy was born at 30 weeks of gestation by 
spontaneous vaginal vertex delivery. Apgar score 
was 4 at one minute and 8 at ten minutes. Soon after 
birth he developed signs of respiratory distress and a 
chest x-ray film showed severe hyaline membrane 
disease. The baby was electively intubated at 4 hours 
of life for transporting to Hammersmith Hospital 
and then mechanically ventilated for 9 days. On 
arrival he was hypothermic (33°C) and acidotic 
(pH 6-89). Two hours later pH was 7-27 and his 


condition appeared clinically to be improved. At age 
48 hours his general condition deteriorated and he 
was noted to have grossly abnormal movements and 
thought clinically to have sustained intraventricular 
haemorrhage. 

The occipitofrontal head circumference grew 
rapidly from the 10th day of life despite lumbar 
punctures and a ventriculoatrial shunt was inserted 
on the 40th day of life. When discharged at age 9 
weeks, the infant had a pronounced head lag, 
abnormal eye movements, and a paralytic squint of 
the right eye. He was however responsive amd both 
visually and auditorily quite alert. 

Ultrasound scans showed bilateral intraventricular 
haemorrhage to have occurred at about age 72 hours 
with considerable intraparenchymal extension. 
Distended ventricles were first noted at 5 days of life 
and echogenic clots within the ventricles were 
clearly defined. By the 10th day of life, the post- 
haemorrhagic dilatation became very pronounced 
with considerable cerebral compression. Subsequent 
ultrasound examinations showed that when the 
infant was 30 days of age, the clots progressively 
became free within the ventricular system, and were 
from time to time either clearly visible or totally 
absent. 

In order to determine the movements amd the 
position of the clots in relation to the baby’s posture, 
we performed repeated scans, each time with the 
infant in a different position (Fig. 1). 

When the infant was in the left lateral position, a 
clot was noted to be lying against the most lateral 
margin of the left lateral ventricle. The baby was then 
moved to lie supine, and the clots disappeared, 
although the most posterior part of the occipital 
poles could not be adequately visualised. When the 
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infant wa. placed in the prone position, the clot 
reappecred to lie on the floor of the body of the 
lateral vertricle. By gently shaking the baby’s head, 
it was possible to displace the clot which drifted 
slowly away. The shape of the clot seemed on 
parasagittal view to conform to the cast of the 
lateral ventricles at the time of the original bleed 
before dilatation occurred. During a period of 2 to 3 





Lateral Prone Supine 


Fig.1 Coronal transfontanelle scans showing the position 
of the morile blood clots with different positions of the 
infant *s head. (Kranzbiihler ADR with 7 M Hz transducer.) 


weeks the clots spontaneously disappeared with no 
treatment. 


Case 2. A boy was born by breech with assisted 
forceps at 30 weeks’ gestation. Apgar score wes 4 at 
one minute, 3 at six minutes, and 9 at nine minutes. 
He required intubation at delivery and was then 
mechanically ventilated for 4 days. He was trans- 
ferred to this hospital at age 12 hours. On the first 
day of life he was noted to have a distended abdomen 
and an x-ray film showed massive pneumoperi- 
toneum. Peritoneal fluid and blood cultures grew 
Staphylococcus aureus and Staphylococcus epider- 
midis. The origin of the peritoneal gas was thought 
to be from a rectal perforation. Penicillin, gentamicin, 
and metronidazole were given intravenousły and 
prolonged intravenous parenteral alimentation was 
undertaken for 3 weeks. The baby was discha-ged at 
39 weeks’ gestation and at that time the neurological 
examination was normal except for a poor auditory 
response. 

Real-time ultrasound on the first day of life 
showed a large bilateral germinal layer haemorrhage 
with some downwards extension but no intra- 
parenchymal involvement. From the 6th to tae 19th 
days of life the ventricles enlarged, and subsequently 
the dilatation arrested and spontaneously resolved 
with no specific treatment. On the 16th day of life we 





Fig. 2 


toward the right shows the change in size of the left lateral ventricle afte 


Coronal transfontanelle scans showing changes in the size of the lateral ventricles with position o. f the heed. The 
scan orethe extreme left is with the infant lying on his right side and the right ventricle is dilated. The progression of scans 


r 2 hours of the infant lying on its left side. The scan 


on tae extreme right demonstrates this reversal back again 4 hours after the infant’s head has again been turned to the 


right. (Xranzbiihler ADR with 5 MHz transducer.) 
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noticed a striking disparity between the size and 
shape of the bodies of the two lateral ventricles 
(Fig. 2). We were able to demonstrate by sequential 
scans that the variations were dependent on the 
baby’s posture. 

When the infant was lying on his left side, the left 
ventricle was considerably larger than the right. The 
infant was then turned to lie on his right side for the 
next 2 hours and the right lateral ventricle enlarged, 
so that they were roughly equal in size. After a 
further 2 hours of lying on his right side, the body of 
the right lateral ventricle became enlarged and the 
left side became much smaller. This pattern of 
change in ventricular size could then be repeated by 
turning the baby back through these positions. This 
sequence was only noted during one week when the 
ventricles were particularly dilated, and disappeared 
as the ventricles reduced in size. 


Discussion 


The introduction of computerised X-ray tomography 
and, more recently, of real-time cerebral ultrasono- 
graphy has made possible the study of the natural 
history of intraventricular haemorrhage and conse- 
quent changes in ventricular size. Ventricular 
dilatation occurred in nearly 40% of infants followed 
sequentially after intracranial haemorrhage but 
frank clinical hydrocephalus was much less common.? 
The two cases reported here illustrate observations 
made when frequent ultrasound scans of the cerebral 
ventricles are performed after haemorrhage. We 
believe such observations to be important for two 
reasons. The first is that both are as yet unrecognised 
and appear to be unique. The second reason is that 
such conditions may be thought to have therapeutic 
implications. Freely mobile clot in the ventricular 
system might conceivably cause sudden and complete 
obstruction to cerebrospinal fluid (CSF) flow at 
either the foramen of Monro, or at the aquedect of 
Sylvius with severe neurological sequelae. Case 1 was 
nursed mainly supine or with his head in a lateral 
position in order to prevent this possibility. The 
initial germinal layer haemorrhage in this infant 
burst into the ventricles and thrombus presumably 
developed through the entire extent of both lateral 
ventricles. This caused obstruction to CSF flow asa 
result of the haemorrhage, and progressive ventricular 
dilatation occurred with no further bleeding. The 
clots, originally the shape of the ventricles, then 
became detached and floated freely within the 
considerably dilated lateral ventricles. The fact that 
the clots spontaneously disappeared with time is 
important in case surgical removal is seriously 
considered. 

In Case 2, pronounced irregularity in the size of 


the lateral ventricles may be due to partial obstruc- 
tion at the foramen of Monro. This was clearly not 
the case; in fact, free communication of CSF through 
this structure must clearly have been possible. Lack 
of therapeutic intervention again appeared to be the 
appropriate management as eventually there was 
complete resolution. 

An explanation for this phenomenon is provided 
by consideration of the relative changes in intra- 
cranial pressure. The normal pressure within the 
ventricular system in an infant of this gestation is 
probably 7 to 10 cm of water® and the distance 
between the midpoints of the bodies of the lateral 
ventricles was measured at 1-5 cm. If the system were 
freely communicating and the brain of low density, 
this represents a pressure difference of i> to 20% 
between the midpoints of the two ventricles when the 
infant’s head was on the side. This increased hydro- 
Static pressure in the dependent ventricle might be 
enough to cause distension and distortion of it with 
contraction of the upper one. 

The point in reporting these cases is to Stress that 
methods—such as ultrasound which can be used 
repeatedly and without risk to visualise previously 
unstudied structures—often raise more questions 
than they provide answers. It may be tempting to 
perform therapeutic manoeuvres to restore the 
status quo but we believe that a more restrained ‘wait 
and see’ attitude is often a wiser course of action. 


We thank Professor V Dubowitz for encouragement 
and help with this work, and the Department of 
Medical Illustration, Royal Postgraduate Medical 
School, for the illustrations. 
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Adverse effects of nasogastric feeding 
tubes and the management of 
recurrent apnoea 


Sir, 

The rok of miconazole in the treatment of systemic 
candidiasis was clearly described by Tuck! in his report 
of 2 cases. However, his paper also contained examples of 
the iatrogenic hazards of neonatal intensive care and 
these deserve comment. 

In each case intravenous feeding was given through a 
centrally placed Silastic cannula because of recurrent 
apnoea In Case | the sequence of events is clearly 
documented. From the time that nasojejunal feeds were 
introduced apnoeic episodes occurred, and on day 29 the 
baby collapsed after the passage of a nasal feeding tube. 
Earlier in 1980 Stocks? described work done at the 
Hammersmith Hospital which showed that nasal 
resistarce in white infants was increased by 101-138% 
when a feeding tube was passed through one nostril. She 
also confirmed the common observation that a nasally- 
passed tube causes not only physical obstruction but also 
irritation to the nasal mucosa which results in increased 
resistance. As most preterm babies are unable to mouth 
breathe even when both nostrils are fully obstructed the 
adverse effects of nasally passed tubes on respiration, if 
overlooked, may lead to further complications of 
management as described by Tuck. 

He states that there is an increase in the use of intra- 
venous feeding in the management of preterm infants and 
that systemic candidiasis can be expected to become more 
common. This and other complications of intravenous 
feeding should be avoided. The experience in Oxford 
suggests that intravenous feeding can be restricted almost 
exclusively to the few babies in whom necrotising 
enterccolitis is suspected, and that in preterm infants and 
others with respiratory distress feeding tubes should 
always be passed orally. Although apnoeic attacks may 
occasionally be the result of regurgitation of gastric 
contents this has never been taken to be an indication to 
resort to intravenous feeding through a centrally placed 
cathe'er. 
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Dickens’s children’s hospital 

Sir, 

Douglas Gairdner! wondered whether ‘the children’s 
hospital’ mentioned in Our mutual friend was The 
Hospital for Sick Children, Great Ormond Street. That 
this was so is an opinion which has strong suppor,” but 
there was another hospital which Dickens greatly 
admired and this was the East London Children’s 
Hospital in Ratcliff. It was the subject of the sketch “A 
small star in the East’, written for All the year rowad and 
appearing later in The uncommercial traveller. 

I have been unable to find the date of publication of 
‘A small star in the East’ but most of the essays and 
sketches in The uncommercial traveller had appeared by 
1865, which is the year in which Our mutual friend was 
completed; therefore it is possible that it is the East 
London Children’s Hospital which is referred to in 
Dickens’s last great novel. 
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Possible pitfalls in the interpretation 


of inspiratory flow volume curves 

Sir, 

Smith and Cooper! demonstrated residual upper airways 
obstruction in 7 of 20 children who had laryngemalacia 
in infancy. Certainly the non-invasive recordimg of an 
inspiratory flow volume curve is a useful methed in the 
assessment of extrathoracic airways obstruction. 

It is doubtful if a shallow inspiratory curve alone (and 
the resulting high midvital-capacity ratio) is sufficient 
proof for the existence of an obstructing lesioa. In the 
case of patent upper airways the inspiratory flow is 
mainly effort dependent. In contrast to the expiratory 
flow volume curve which is determined by dynamic 
intrathoracic airways compression, suboptimal effort 
alone can produce a seemingly abnormal inspiratory 
curve and consequently a low inspiratory flow measure- 
ment at 50% of the vital capacity. Some children are 
consistent in their level of suboptimal effort. thereby 
faking reproducibility in repeated recordings. 

There is a satisfactory way to differentiate suboptimal 
inspiratory effort from true flow limitation by stenosis :* * 
extrathoracic upper airways obstruction produces a 
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distinct plateau formation of the inspiratory curve. This 
typical ‘cut-off’ shape of the tracing is not evident in the 
figures of Smith and Cooper. Consequently, effort- 
dependent artefacts could have contributed to the results 
of this investigation. 

References 


1 Smith G J, Cooper D M. Laryngomalacia and inspiratory 
obstruction in later childhood. Arch Dis Child 1981; 56: 
345-9, 


2 Miller R D, Hyatt R E. Obstructing lesions of the larynx 
and trachea: clinical and physiologic characteristics. 
Mayo Clin Proc 1969; 44: 145-61. 

* Kryger M, Bode F, Antic R, Anthonisen N. Diagnosis of 
obstruction of the upper and central airways. Am J Med 


1976; 61: 85-93, 
MAXIMILIAN ZACH 
University-Kinderklinik, 
A-8036 Graz, 
Austria 


Reproducibility of skin prick reactivity 
in cystic fibrosis 


Sir, 


Holzer et al.’ reported considerable variation in responses 
to allergen skin testing over a few months in a small group 
of children with cystic fibrosis (CF). However, we found 
only minor fluctuations in the skin test reactions of 
62 patients with CF. These children and adolescents 
attended our laboratory on at least two occasions for 
allergen skin prick tests.* The average time between the 
first and last study was 19 months (range 3-26), while the 
mean age of the group when last tested was 10-7 years 
(range 4-1 to 18-8). We defined atopy as a weal of 3 mm 
diameter greater than a negative control to one of 5 
allergens.* 

Thirty-seven children remained non-atopic, and 15 
remained atopic, thus, 52 (84%) out of 62 CF patients had 
reproducible results. Furthermore, 8 of the 10 subjects 
who showed varying responses became atopic, which is in 
keeping with the increase in prevalence of skin test 
reactivity during childhood. It is important to note that 


half of the children who converted to atopic by our 
criteria had at least one allergen weal of 2 mm or greater 
when first tested and one of those who reverted to 
nonatopic still had 2 allergen weals of 2-5 mm. 

Our data do not support Holzer et al. since we found 
that atopy, as defined by skin prick reactivity, was 
reproducible in the majority of our patients. 
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Mr Holzer and co-workers comment: 


From the data it is obvious that there is little difference 
between our figures and those of ‘Henry et al. Fifty-two 
(84%) out of 62 of their subjects had reproducible results 
(consistently positive or consistently negative) while 10 
(16%) were variable. Our figures of 19 (76%) out of 25 
patients with reproducible results and 6 (24%) with 
variable results were not signigeanily different from theirs 
(x? = 0-30). 

It is interesting that 48% of our patients were consist- 
ently positive while only 24% of their patients were 
always positive. Part of this difference may be explained 
by the consistently positive reacticns to Aspergillus 
fumigatus in children with more severe lung disease in our 
group. Henry et al. do not comment on the clinical 
spectrum of their patients. The important message from 
both studies is that there is a group of children with 
cystic fibrosis who show variable results to allergen skin 
testing and that to define atopy on the basis of tests done 
on one occasion can be misleading: 
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Sook reviews 


History of the Study of Human Growth. 

4 J M Tanner. (Pp. 499; illustrated 
tables. £30:00 hardback.) Cambridge 
niversity Press: Cambridge. 1981. 


1is was written for historians and 
iman biologists. The first half is a 
»scription o° the contributions of various 
iman biologists from Solon the Athenian 
working 600 years before Christ, to Boas 
e American anthropologist in the 
wentieth cemtury. The second half takes 
e background of human biology into the 
orkshop of clinical practice. 

Writing of his selection to organise the 
‘arpenden Growth Study for the Ministry 
W Health in 1948, Professor Tanner 
iggests tha: he was the ‘obvious, indeed 
nly, candidate’: he must be in an almost 
mique position to write the history of the 
‘tudy of human growth. In this book, in 
hich he reviews more the history of 
uman biology than the history of growth, 
is interesting to realise that only recently 
ave studies of human growth begun to 
npinge or the practice of medicine, 
‘hich is why this is not a book for the 
aediatrician to use in his everyday life, 
ut rather a panoramic view of his human 
iological background. If you like a 
istorical perspective on your work you 
“ill enjoy it. 

The writing is lucid and entertaining 
nd the facility of expression means 
aat the book would not be out of 
lace on Your bedside or coffee table. 
Jnfortunately, the printer and publisher 
ave served Professor Tanner badly as 
he illustrations are of poor quality, which 
; disappointing in a book as expensive as 
iis. Even the line graphs are difficult to 
ead. Thus one of the most interesting 
hapters ertitled ‘Human proportion and 
he canons of beauty: the artistic and 
ihilosophiz tradition’ could have been 
ore attractive than it is; this is not a 
riticism of the scholarship of this 
ndeavour, which is actually at its best in 
he Renaissance and eighteenth century. 

The use of growth assessment, and of the 
harts associated with it, is now so much a 

t of the fabric of paediatrics that few of 
is could imagine our work without it. 
‘his book illustrates the long journey that 
as been made from the description of 
solated biological events (such as 


menarche) to the putting of art to work. 
I found it extremely interesting to be 
brought up to date on the background of 
the recent growth studies which are little 
more than names to most of us. 


C G D BROOK 


Immunological Aspects of Infection in the 
Fetus and Newborn. Edited by H P Lambert 
and C B S Wood. The Beecham Colloquia, 
No 2. (Pp. 249; illustrated + tables. 
£16-40 ($39-50) hardback.) Academic 
Press: London. 1981. 


This is a series of brief papers all with 
fairly lengthy and wide ranging discus- 
sions. There are three longer chapters all 
well worth reading; firstly on the ontogeny 
of complement, lysozyme, and lactoferrin 
(Adinolfi), secondly on mucosal surface 
immunity in the neonatal gut (Allen 
Walker), and thirdly on the influence of 
milk in resisting intestinal infection 
(Reiter). The other papers are short but 
each acts as a focus for the interesting and 
informative debates that follow. The 
sections on clinical aspects of perinatal 
infection (by Marshall and by Wood), 
development of immunity (by Hayward), 
and gut mucosal resistance to infection 
each have particularly illuminating 
discussions. 

The book is useful, well produced, and 
valuable as a source of references for those 
with a special interest in this field, but I am 
sure that the participants gained more 
from the meeting in September 1979 than 
the clinician with a passing interest will 
glean two years after the event. 


C STERN 


The Neurological Assessment of the Pre- 
term and Full Term Newborn Infant. 
Clinics in Developmental Medicine, No 79. 
By L Dubowitz and V Dubowitz. (Pp. 106; 
illustrated + tables. £6-50 hardback.) 
Spastics International Medical Publi- 
cations: London. 1981. 


For the last 30 years the value of the 
neonatal neurological examination has 
been hotly debated; sceptics have rightly 
questioned the importance of compiling 
long lists of reflexes, while enthusiasts 
have tended to overstate the prognostic 
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value of their methods. However, this 
discussion has served as the impetus for an 
enormous amount of clinical research 
culminating in several examination 
schemas with differing but overlapping 
emphases. As may be expected of research 
tools, these schemas require considerable 
expertise and much time sdent with each 
infant. To some extent the progress of 
neonatal neurology has been hindered by 
the difficulty of putting these examination 
techniques into a clinical centext. 

Victor and Lilly Dubowitz set out to 
remedy this deficit and they have succeeded 
brilliantly. Over the years they have used 
each schema, selected the items they 
found most useful, rejected others, and 
compiled a neurological examination 
that takes 10-15 minutes, requiring little 
expertise, but which can be applied at 
different gestational ages. The candour of 
close personal observation rings from 
each page; although each individual item 
has been evolved elsewhere, there is clearly 
nothing here that has not been thoroughly 
tested by them in many different 
settings. 

The advent of ultrasound, brain stem 
cortical evoked potentials, and the CT 
scan has provided a great opportunity to 
test clinico-pathological correlates in life. 
The Dubowitzs have given us a tool 
which will advance this another stage and 
have themselves made a start in demon- 
Strating the relationship between intra- 
ventricular blood and a tight popliteal 
angle. They rightly stress the value of 
sequential examinations, inferring that the 
predictive value of these will fit less in one 
pattern of findings than in their evolution 
over time. 

This book should beceme a classic, and 
it will be indispensable in all cases where 
the welfare of the newborm is under serious 
consideration. 

R O ROBINSON 


Pediatric Endocrinology. Edited by 
J-C Job and M Pierson. (Pp. 739; 
illustrated + tables. £63-00 hardback.) 
Wiley: New York. 1981. 


The long-standing famine of textbooks on 
paediatric endocrinology now seems 
likely to be replaced by a glut. This is a 
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multi-author text written and edited by 
9 well-known members of what may 
perhaps be called the French school. It is 
an updated English translation of the 
French edition which was first published 
in 1978. The text is essentially clinical with 
a fairly brief consideration of physiological 
principles and technicalities of hormone 
measurement. The chapters cover growth, 
the major endocrine glands, calcium 
metabolism, diabetes, hypoglycaemia, 
obesity, fetal and neonatal endocrinology, 
the APUD system, and general principles 
of endocrine physiology. Each chapter is 
widely referenced, with a bias towards the 
French literature, up to and in few cases 
beyond 1978. SI units are not used. 

The wide clinical experience and 
knowledge of the authors is clearly 
reflected and the general paediatrician 
seeking sound advice on endocrine 
problems will be well served. The lack of 
that element of eccentricity in medical 
practice of which the English always 
suspect the French is more than counter- 
balanced by the highly individual trans- 
lation which is full of minor errors, direct 
translations of French idiom, and more or 
less pleasing neologisms (I particularly 
liked ‘impuberism’ for the lack of puberty). 

This is a good, well-produced book but 
in view of the delayed publication in 
English, the linguistic errors, and the 
breath-taking price the general paedia- 
triclan may prefer to use a library copy 
and take out a mortgage in anticipation of 
the second edition. 

N D BARNES 


Shorter notices 


Control of growth. British Medical 
Bulletin, Volume 37, No. 3, September 
1981. Scientific editor J M Tanner. (Pp. 
306; illustrated + tables. £9-50 paper- 
back.) Published for the British Council. 
Churchill Livingstone: Edinburgh. 1981. 


This reprinted edition of the British 
Medical Bulletin contains 15 essays on the 
control of growth with particular reference 
to humans, but taking a wide biological 


Scientific Foundations of Developmental 
Psychiatry. Edited by M Rutter. (Pp. 386; 
illustrated + tables. £30-00 hardback.) 
Heinemann: London. 1980. 


Professor Rutter undertook this ambitious 
venture during the tenure of a fellowship 
at the Center for Advanced Study in the 
Behavioural Sciences, Stanford, USA. 
The object was to achieve a unifying 
approach to psychiatry from a develop- 
mental perspective and the contributors, 
all eminent workers from both the UK and 
the USA, span a range of disciplines. 
There are five main sections (1) influ- 
ences on development, (2) body function- 
ing, (3) cognition, (4) social and emotional 
development, and (5) theories and 
approaches, each of which contains 
several reviews of interlinked topics all 
with detailed, up-to-date references. The 
result is a large, handsomely produced 
volume witha unified style of presentation. 
This book is timely, and probably 
unique, as a source-book for teachers and 
researchers in the fields of developmental 
psychology and child psychiatry. How- 
ever, it hardly succeeds in its stated aim of 
providing a critical appraisal of aspects of 
development relevant to an understanding 
of psychiatric disorders; the focus is too 
narrowly on early childhood for the 
general psychiatrist and many of the 
specialist writers seem confined within a 
particular phase or aspect of development. 
The clinician, including the paediatrician, 
will not readily find help with the formu- 
lation of ideas about aetiology, planning 


rather than a restricted clinical viewpoint. 
In general the essays are concise, authori- 
tative, and well referenced and this 
collection will be valuable as a guide to 
the wider world of knowledge on this 
subject which is of fundamental interest 
to paediatricians. 


Handbook of Neonatal Intensive Care. By 
H L Halliday, G McClure, and M Reid. 


(Pp. 307; illustrated + tables. £7-50 
paperback.) Balliére Tindall: London. 
1981. 


appropriate treatment, or (what mi 
have been expected to emerge) assess 
prognosis. 

There are several excellent monograp» 
for example Robert Hinde’s survey 
‘Family influences’. This chapter has so 
profound ‘do's’ and ‘don’ts’ for 
investigator on the importance of st 
plementing large-scale surveys with cz 
histories and the need to ‘beware of ` 
seductive appeal of variables that are cé 
to measure, and pursue rather thc 
likely to be meaningful in the conte» 
I enjoyed the lively account of ‘Genet 
and mental development’ by Jar 
Shields although the assimilation of pa 
of it was difficult. 

Play as an aspect of social develc 
ment is summarised usefully by Di 
Rosenblatt, and this information is r 
readily available elsewhere in conc 
form. Michael Rutter makes _ seven 
contributions to ‘Social and emotior 
development’ providing an outstandi 
account of ‘Attachment and the develo 
ment of social relationships’. Howeve 
the omission of an authoritative cont 
bution on the psychoanalytic viewpoint 
a book such as this was an unfortuné 
error of judgement. 

The idea behind this publication 
excellent, but a second edition would 
enhanced by a more appropriate title a1 
an editorial summary at the end of ea 
section. Meanwhile this is a recommend 
addition to departmental libraries. 


FRED H STO 


The neonatal house officer’s main co 
cerns are intensive care procedure 
neonatal resuscitation, respiratory pro 
lems, oxygen therapy, ventilator settin 
and blood gases, nutrition fluid ar 
electrolyte balance, jaundice, infection 
drug dosages, and normal blood values. 

This little book covers the grou, 
simply and well and contains used 
diagrams. It would be a practical ar 
useful companion for that lonely tin 
just before seeking more experience 
help. 





if a mother can’t breastfeed 
Milupa now offer 
two granulated formulae 


















Everyone agrees that breastfeeding gives a 
baby the best start in life, but when 
breastfeeding is not chosen or is not 
possible Aptamil or Milumil can be used 
with confidence. They meet the latest DHSS 
recommendations for the composition of 
infant formulae and are granulated for easy 
mixing and measuring. Aptamil and Milumil 
are available from your local chemist. 


Milumil — easy to mix and satisfying 





Aptamil Milumil For further details please contact Dept ADC 2 

- a fully adapted baby milk -a modern modified baby Milupa Limited, Milupa House, 
formula that may be milk that is particularly Hercies Road, Hillingdon, Middx UB10 9NA 
preferred for the newborn suitable when baby needs 
infant where breastfeedingis a more satisfying milk A 
not chosen or isn't possible. food. = 
@ low sodium level eè easily digested fat content 
@ adapted protein content è amylose and maltodextrin 
@ lactose is the only in addition to lactose 

carbohydrate @ experience shows good 


eè added trace minerals acceptability The new generation of Baby Foods 


se imeneitiiipmmainatt 
Common Symptoms of Disease 


in Children 


R.S. Illingworth MD, FRCP, DPH. DCH Emeritus Professor of Child Health, Sheffield University 
Seventh Edition, 1982. 384 pages, 3 illustrations. €9.50 


From the reviews of the sixth edition 

‘I have been a satisfied user of every edition of 
Common Symptoms of Disease in Childhood and | 
have no doubt that I shall refer frequently to the sixth 
and latest edition. However, the primary purpose 

of the book is not to enable the middle-aged paediatric 
consultant to maintain his one-upmanship status but 
rather to give practical guidance to GPs and other 
doctors who do not work exclusively with children 
when confronted with problems of paediatric 
diagnosis. In this function, it is well nigh indispensable.’ 
British Journal of Hospital Medicine 

‘An excellent and refreshing book which provides a 
guide to the causes of common symptoms (and signs) 
in paediatrics.” Medical Texthook Review 

The seventh edition has been extensively revised and 
contains details of over 150 common symptoms of 
childhood disease and scores of new references. It 
remains the foremost guide to differential diagnosis 

in paediatrics for students and family doctors. 


Other titles of related interest 


Clinical Paediatric Haematology 
and Oncology 


Edited by Henry Ekert MD, FRACP, FRCPA. Spring 
1982. 224 pages, 27 illustrations. About £20.00 


The Paediatric Prescriber 

P. Catzel MBBCh, FRCPE, DCH and R.E. Olver 
MBBS, MRCP, BSc. Fifth Edition, 1981. 448 pages, 
S illustrations. Paper, £6.80 


Clinical Paediatric Endocrinology 


Edited by C.G.D. Brook MD, FRCP. DCH. 1981. 
704 pages, 145 illustrations. £48.00 


Blackwell Scientific Publications 









TRAVEL GRANTS FOR 
PAEDIATRIC RESEARCH 







Milupa Limited are prepared to award Travel 
Grants for young Paediatricians and Scientists 
working in a Paediatric Department for visits of 
short duration (normally up to one month) to 
Departments or Institutes in order to learn new 
techniques or to have discussions about specific 
research projects. Preference will be given to 
candidates wishing to study in the UK but 
exceptionally, Grants may be made for travel 
abroad (if the particular technique is not available 
in the UK). 



















Applications giving full details of the proposed 
programme and the names of two referees may be 
submitted at any time to Mr T. L. Bell, Managing 
Director, Milupa Limited, Milupa House, Hercies 
Road, Hillingdon, Uxbridge, Middlesex, UB10 
9NA, from whom further particulars may also be 
obtained. The selection of applicants for awards 
will be made by an independent Scientific Panel. 














Drugs and Disease 


The Proceedings of a Symposium 
organised by the 
Royal College of Pathologists 


Edited by 
Sheila Worlledge 


Price: Inland £3-00 
Abroad US $7-50 
including postage 


The Publishing Manager, JOURNAL OF 
CLINICAL PATHOLOGY, BMA House, 
Tavistock Square, London WC1H 9JR 
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Annotation 


Congenital cataract, a cause of preventable child 


blindness 


Congenital cataract is numerically the most 
important cause of remediable blindness in children, 
being “ar more common than, for example, retino- 
blastoma or congenital glaucoma. 

The management of congenital cataract has been 
profoundly altered during the last 15 years as the 
result of a number of developments. Since the work 
of Wiese! and Hubel,! and that of many others, 
clinical ophthalmologists have been aware of the 
relevance-of amblyopia in the management of visual 
disorders in childhood. Amblyopia implies a loss of 
vision that occurs as a result of visual deprivation 
during a sensitive period of development of the visual 
system. The neurophysiological and anatomical 
changes that are the substrate of the visual loss occur 
throughout the visual pathway possibly even from 
the retinal receptors to the cortical areas where 
perceptual processing Occurs. From human analogies 
of the experimental animal it has been concluded? 3 
that im infancy there may be a period of grace of up 
to age 2 months when the effects of visual deprivation 
are of less consequence in that they are less profound 
and reversible. After this period there are 6 to 18 
months of increased sensitivity, the human equivalent 
of the experimental animal’s critical period, followed 
by a gradually declining sensitivity for several years 
so that by age 9 or 10 years a child’s visual system is 
not deranged by degraded visual imput. Amblyopia 
can be eaused not only by opacity in the optical 
media of the eye—such as cataract—but also by a 
blurred retinal image such as occurs in uncorrected 
aphakia (the absence of the lens from its normal site, 
for any reason, with the loss of its refractive role). 
The impact of greater understanding of the 
mechanisms of amblyopia on the management of 
cataract has been twofold: surgeons now realise that 
most children with congenital cataract who require 
surgery in infancy should have that surgery 
completed by age 2 months; and early accurate 
correction of aphakia is essential if a sharp retinal 
image is to be produced during the sensitive period. 

There have been important changes to the surgery 
of congenital cataracts in recent years’ and these 
have substantially improved the short- and long-term 
prognosis for the eye. The eyes of very young infants 
can be operated on with safety, the likelihood of 
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serious complications—such as retinal detachment 
or glaucoma—is reduced, fewer operations are 
required, and rubella cataracts can be treated 
surgically in the same way as other congenital 
cataracts. 

Advances in contact lens technology have made it 
possible to use extended wear contact lenses for the 
correction of aphakia in infants. Contact lenses are 
readily fitted without anaesthetic and the tolerance 
rate is high despite the high refractive errer. It is 
possible in most cases to overcorrect the aphakic eye 
to make the lens eye combination myopic so that the 
infant can clearly see objects at some point within 1 
metre which is his main sphere of visual interest in 
the first months of life when the brain is particularly 
sensitive to the degraded visual input. Satisfactory 
correction of aphakia cannot be achieved in infants 
by means of spectacles which, because of the very 
high power lenses required, are impracticably heavy 
and optically unsatisfactory. The use of intraocular 
lens implants in infants is not recommended at the 
present time because of uncertainty about long-term 
complications. 


Presentation 


Unilateral congenital cataracts present because of 
the appearance of a white pupil, small eye, or 
unilateral squint noticed by parents or relatives. The 
smallness of the eye is usually marginal and it may 
be thought that the other eye is large. The white 
pupil is more often described as milky, hazy, or as 
‘just not looking right’, it may be seen only in certain 
lighting conditions and should therefore be a 
symptom to be believed even if not seen. 

Bilateral congenital cataract often occurs if other 
members of a family are affected, and it is these 
patients who are best poised for ideal manegement. 
Parents notice early that their baby does not seem to 
look at them and they may also notice white pupils. 
By age 3 months a baby with severe bilateral cataracts 
will start to develop nystagmoid movements on 
attempted fixation and this, or an associated squint, 
is generally the mode of presentation in what are now 
regarded as late cases, since they seem to indicate that 
the visual system is already reacting to visual 
deprivation, 
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Diagnosis 


Diagnosis at the clinical level is generally made 
initially by the paediatrician who listens to the 
mother’s worries about the baby’s vision, the 
appearance of the pupils, or the presence of 
nystagmus or squint. Careful inspection of the eyes 
may show the small eye or the white pupil, but the 
absence of a white pupil does not exclude a cataract 
since the opacity may be posterior in the lens. One 
useful technique is to look at the eye with an 
ophthalmoscope as though one is going to look at the 
fundus but keeping about a foot away; the absence of 
a red reflex is a clue to an opacity in the refractive 
error. Closer inspection with the ophthalmoscope is 
possible if the lens system of the ophthalmoscope is 
set at +20 dioptres. If a cataract is suspected, 
referral to an ophthalmologist should be arranged as 
an urgency, especially if the baby is less than I-year 
old. 

A search for the aetiology of the cataract is 
important but should not delay the management of 
the cataract itself. 

About one-third of congenital cataracts are 
genetically determined, and there are also certain 
morphological types that are found more frequently 
in genetically-determined cataracts. However, some 
genetically-determined systemic diseases are also 
associated with cataract—for instance galactosaemia, 
Lowe’s syndrome, and lactose intolerance as well 
as numerous syndromes of unknown causes of 
which the most common are the Hallermann- 
Streiff, Rubinstein-Taybi, and Conradi-Hunermann 
syndromes. 

Cataracts are often found in babies with Down’s 
syndrome, and also with trisomy 13 and 18, and in 
Turner’s syndrome. In the congenital rubella 
syndrome the cataracts are generally present at 
birth and about one-third are uniocular.® They are 
usually present as a part of the whole syndrome but 
occasionally the cataract is the only abnormality 
detected initially. The early detection of the cataract 
and management of it are especially important in 
view of the high incidence of deafness as the child 
grows older. Cataracts are less common in other 
prenatal infections. Metabolic causes include galacto- 
kinase and transferase deficiency, Lowe’s syndrome, 
and hypocalcaemia. 

Investigations should be carried out after 
consultation between ophthalmologist and paedia- 
trician, each of whom will be able to exclude cer- 
tain causes on clinical grounds thus saving time 
and money on unnecessary tests. This par- 
ticularly applies to galactose metabolism tests as 
these are expensive to carry out in detail but inexpen- 
sive to screen for. 


Management 


It may be difficult to decide whether a cataract 
requires treatment. The optical disadvantages of 
aphakia, combined with the risks and possible 
failure of treatment, make it inadvisable to operate 
and start optical treatment unless it is certain 
that the child will be visually handicapped unless 
he is treated. Most cases fall clearly into the 
‘obviously blind’ or ‘obviously sighted’ category but 
the management of border-line cases must be 
decided by a variety of techniques. If some form of 
infant vision testing device—such as visually-evoked 
cortical responses or forced preferential looking— 
are available the choice may be easier. However, these 
techniques are not widely available nor are they 
universally accepted as an accurate index of vision in 
infancy. The ophthalmologist may make some 
judgement by the clarity with which he sees the 
fundus with an ophthalmoscope, but this technique 
must be inaccurate because of the very poor correla- 
tion between the degree and site of the opacity in the 
refractive media and the vision of the child in cases 
where this can be measured. Therefore the doctors 
managing the child must rely on behavioural 
observations in borderline cases. If the infant fixes 
objects steadily without nystagmus or squinting, and 
responds to subtle clues—such as a silent smile or 
movements of small objects—it is unlikely that his 
vision is sufficiently poor to warrant early treatment. 
If there is any doubt there is very little to lose by 
reassessing the child after an interval of one or two 
weeks. In borderline cases, repeated examinations 
may help to make this critical decision. 


Bilateral congenital cataracts 


Bilateral congenital cataract is the most common 
cause of potentially treatable blindness in infancy. It 
now seems likely that, although the results are not 
universally successful, early surgery leads to better 
visual results provided that optical correction is 
started early.” If diagnosed in the neonatal period it 
is reasonable to wait for 2 or 3 weeks before admitting 
the child to hospital for eye surgery in order to make 
the surgery somewhat easier. Unfortunately however, 
delays in diagnosis and referral result in most babies 
with bilateral severe congenital cataracts being seen 
by the ophthalmologist for the first time between 
2 and 4 months of age. By age 4 months one must 
expect the effects of visual deprivation to be showing 
their mark and the counsel of perfection is that all 
patients should be referred early so that, if necessary, 
surgery and optical correction can be completed by 
age 2 months. After surgery the baby is fitted with 
continuous wear high gas-transfer contact lenses 
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without anaesthetic. There is a substantial risk of 
cornea! damage from these and frequent follow-up 
visits are necessary; this, together with a high rate of 
lens lcss and rejection, must be explained to the 
parents at the beginning of the treatment. The 
contac! lenses are not strictly necessary once the 
child is old enough to wear spectacles and we try to 
ensure that the patient is wearing spectacles all the 
time by age 3 and that he is wearing bifocals by school 
age. 

The cost of contact lens treatment, both to the 
parents and to the NHS is admittedly high, perhaps 
between £200 and £1200 a year, depending on the 
numbers of lenses used and the distance from the 
contact lems department, but if one can show an 
improvement in the child’s visual performance 
sufficient to shift it from one educational category 
to another, even the fiscal argument is clearly 
one-sided. 


Unilateral cataract 


Until recently it was universally agreed that the 
visual prognosis for eyes with unilateral cataract was 
sO poor that surgery was indicated only for cosmetic 
reasons or to prevent glaucoma resulting from a 
*hypermature’ lens. Recently Beller eż a/.? described a 
series of children who were operated and optically 
corrected within days of birth. This was followed by 
vigorous ecclusion of the normal eye and careful 
monitoring of the vision of both eyes by psycho- 
physieal or electrophysiological means. By the time 
of publication 9 of their patients who had received 
ideal treatment had Snellen acuities of about 6/9. 
This series has yet to be reproduced at another centre 
but quite apart from its significance in the under- 
standing ef human amblyopia, it may be of some 
interest inthe management of patients with unilateral 
cataract. This is especially important in view of the 
increased vulnerability to injury of a single normal 
eye when its fellow is amblyopic.!° The social 
relevance of extended, and possibly risky, treatment 
for a non-blinding condition is more a matter for 
debate than that of bilateral cataract. 


Rubella 


Rubella cataract still poses several problems. The 
notion that rubella cataract surgery was best delayed 
for some months or even years because of the risk of 
endophthalmitis has now been outdated by improved 
surgical technique, and bilateral rubella cataracts 
require early surgery like any others. In rubella there 
is probably a stronger than normal indication to treat 
unilateral cataracts since there is a substantial 


incidence of late visual deterioration due to macular 
degeneration.!! 


Conclusion 


Studies in amblyopia have led to the wider recogni- 
tion of the importance of early treatment of 
congenital cataracts. The management is dafficult, 
especially for the parents and the child, but the 
enhanced visual result in the majority of cases 
justifies the difficulties and the risks. There is a clear 
responsibility on paediatricians and others concerned 
in the care of children to be aware of the importance 
of congenital cataracts and the need for prompt 
referral to the ophthalmologist. 
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Metachromatic leucodystrophy: review of 
38 cases 


R MAcFAUL, N CAVANAGH, B D LAKE, R STEPHENS, AND A E WHITFIELD 
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Institute of Child Health, University of London 


SUMMARY Clinical and laboratory features of 38 children suffering from metachromatic leuco- 
dystrophy (MLD) are reported. Twenty-four children with the late infantile form of MLD presented 
between ages 6 and 25 (mean 17) months with a delay or deterioration in walking, followed by a 
general loss of abilities. There was severe handicap by age 3 years and death occurred between 5 
months and 8 years after presentation. Neurological signs at the time of diagnosis were varied. 
Motor nerve conduction velocity was slowed in the 18 children tested. The disease became evident 
at a later age in 14 children. One boy presented at 13 years, while in the remainder there appeared 
to be two clinical patterns of the disease which could be termed (1) early juvenile or intermediate 
and (2) juvenile MLD. In 7 children with early juvenile or intermediate MLD a gait disorder de- 
veloped between ages 4 and 6 (mean 5) years. This was accompanied in 4 children, and followed 
between 8 and 26 months later in the remaining 3, by loss of other abilities. Neurological signs were 
varied. Motor nerve conduction velocity was slowed in 2 of the 5 patients tested. Six children with 
juvenile MLD presented between ages 6 and 10 years with educational or behavioural difficulties. 
Motor disorders arose from 6 months to 4 years later. Neurological signs at the time of diagnosis, 
although mixed, were predominantly extrapyramidal and motor nerve conduction velocity was 
slowed in 2 of the 3 children tested. In the early juvenile and juvenile form of MLD, progression of 
the disease was slower than in the late infantile form and death occurred between 34 and 18 years 
after presentation. Only one-third of patients had fits and these tended to be a late feature. 


Metachromatic leucodystrophy (MLD) is a disorder 
with autosomal recessive inheritance, in which 
cerebroside sulphate (sulphatide) accumulates in the 
nervous system and other organs of the body. In 
the nervous system accumulation is mainly in the 
white matter of the brain and peripheral nerves, but 
it also occurs in other areas—for example the dentate 
nucleus and basal ganglia. There is widespread 
symmetrical demyelination with neuronal and axonal 
loss in the cerebral and cerebellar hemispheres, basal 
ganglia, brain stem, and long tracts of the spinal 
cord.? 

The metachromasia, from which the disorder is 
named, results from a shift of the absorption 
spectrum of certain blue cationic dyes towards red 
when reacted with anionic sulphatides. Although 
rare, MLD is one of the more common neuro- 
degenerative disorders of childhood. The incidence 
in the UK is unknown, but in Sweden it is probably 
about | in 40 000 births. 


Although late infantile metachromatic leuco- 
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dystrophy is well described, cases of onset later in 
childhood have received less attention. This study 
was undertaken to identify the early clinical and 
laboratory features of the disease at all ages and to 
record the natural history. 


Methods 


Case records of 38 patients diagnosed at The 
Hospital for Sick Children, Great Ormond Street, 
between 1961 and mid-1978 were reviewed. Eleven 
of them have previously been reported.4—* 
Arylsulphatase A activity in leucocytes was 
measured in a mixture (final volume 175 ul) con- 
taining 0-34 mol/l acetate buffer pH 5-0; 80 mmol/l 
NaCl; 8 mmol/l 4-nitrocatechol sulphate, and 
supernatant (containing 70-200 ug protein) from a 
water homogenate of leucocytes. After incubation 
at 37°C for 1 hour the reaction was stopped by 
adding 400 umol/l NaOH, and then after 5 minutes 
the mixture was centrifuged. In the blank assay, 


enzyme pretein was added after adding the NaOH. 
Absorbance of the clear supernatant was measured 
at 500 nm. 

For the measurement of urinary arylsulphatase A 
activity fresh unpreserved urine was centrifuged and 
dialysed overnight in water at room temperature. 
The assay mixture (final volume 500 pl) contained 
0-4 mcl/l acetate buffer pH 5-0; 5 mmol/l 4-nitro- 
catechol sulphate, and 200 ul dialysed urine. After 
incubation at 37° for 1 hour the reaction was stopped 
by the addition of 750 pmol/l NaOH and the 
absorbance measured at 500 nm after 10 minutes. 
Examination of urinary deposits for metachromatic 
material was performed as described in the Appendix. 


Results 


The patients (19 boys and 19 girls) were grouped 
according to their age at onset of symptoms as 
recalled by parents, and findings are summarised in 
Table 1. 


Group 1. Late infantile metachromatic leucodystrophy 
(24 patients). 


Age at presentation 
They were aged between 6 and 25 (mean 17) months 
(Figure). 


Symptoms at presentation 

In 23 patients, gait disorder had been the first prob- 
lem to cause their parents to suspect an abnormality. 
Eight children never walked alone. In 7 children 
immature gait persisted and in 12 children deteriora- 
tion occurred in walking ability (poor balance, toe 
walking. or foot turning in or out). In the remaining 
child, the first abnormality was a squint. The motor 


Table 1 Summary of the clinical fe 





Age at which Symptoms 
symptoms 


started 


Group 





1. Late infantile 6*-25 months Gait disorder, followed 


Metachromatic leucodystrophy: review of 38 cases 


Age at 
diagnosis 


15-60 months 
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Figure Age at which symptoms started in 37 patients 
with metachromatic leucodystrophy. 


development of 4 children appeared to hav2 been 
slightly delayed in the first year of life. 


Subsequent symptoms 

Progressive loss of social and linguistic ebilities 
occurred in the course of the illness. However, the 
onset of speech difficulties was often delayed for 
some time after the onset of the gait disorder, while 
in some patients speech abilities progressed, and in 
others the rate of progress of speech acquisition 
slowed as motor abilities were lost. 

Other prominent symptoms were misery, lack of 
interest in toys, and irritability and apparent frus- 
tration. 

Fits occurred in 6 patients between ages 2 and 3 
years. 

The rate of physical and mental deterioration was 
greatest in the first year or two after the onset of the 


atures of the different forms of metachromatic leucodystrophy 


Motor signs at diagnosis Fits Deata 


Mainly pyramidal and Later in 5 months to 


(n= 24) (mean 17) within months bya general (mean 34) cerebellar. Ankle reflexes 5 8 wears after 
loss of abilities absent in 11 in presence of oret 
extensor plantars in 7 of 
the 11 
2. Intermediate or 4—6 years Gait disorder with 54-12 years Mainly extrapyramidal Early inl, 34 tc over 17 
early juvenile (mean 5) simultaneous educational (mean 84) but also cerebellar and laterinS years from 
(n=7) and behavioural problems pyramidal. Ankle orset 
in4 reflexes absent in one 
3. Juvenite 6-10 years Educational and behavioural 8}—14 years Predominantly extra- Later in 5 to over 11 
(n=6) (mean 8) problems, followed 6 (mean 11) pyramidal and some 4 years from 
months to 4 years later by pyramidal. Ankle onset 
gait disorder reflexes absent in one 
4. Atypieal 13 years Mild gait disorder followed 16 years Extrapyramidal — Alive 6 years 


3 years later by 
intellectual deterioration 


(n=1) 


acter onset 


en ca a_r 


* Only one patient younger than 12 months. 


170 MacFaul, Cavanagh, Lake, Stephens, and Whitfield 


illness. The ability to sit without support was lost 
between 22 months and 3 years (mean 24 years) in 
the 17 children in whom this feature was recorded. 

Fourteen patients died aged between 2} and 8 
(mean 4ł) years. 

Five patients were still alive, one at 5} years (onset 
15 months), one at 64 years (onset 16 months), one 
at 62 years (onset 15 months), one at 74 years (onset 
15 months), and the fifth at 8} years (onset 25 
months). Information was not available on the 
remainder. 


Signs at confirmation of diagnosis, aged 15—60 (mean 
34) months 

Pyramidal signs (spastic hypertonus or hyper- 
reflexia, or both of these) were present alone in 4 
patients, and were combined with cerebellar signs 
(ataxia/nystagmus/dysarthria/intention tremor) in a 
further 5 children. Cerebellar signs alone occurred in 
3 patients. Extrapyramidal signs (rigid hypertonus/ 
bradykinesia/positive glabellar tap) occurred alone 
in 4 patients and were combined with cerebellar 
signs in ] patient. An opisthotonic posture (extended 
neck, back, and legs) with flexion of the arms and 
equinovarus posture of the legs was present in 7 
patients who were diagnosed at a fairly late stage 
of their illness. 

All tendon reflexes were absent in 4 patients and 
tendon reflexes were pathologically brisk in a further 
4 in whom toe jerks (flexion of the toes when the 
skin of the lower leg or dorsum of the foot is tapped) 
were also present. Between these two extremes, 
there were varying combinations of brisk and de- 
pressed reflexes in individual patients. Ankle jerks 
were absent in 11 patients, other tendon jerks being 
present or absent (combined with extensor plantar 
responses in 7, flexor in 2, and unknown in 2) and 
were present in 12 patients (combined with extensor 
plantars in 7). 


Family history 

In two families there was one other sibling with 
proved late infantile MLD, with no parental con- 
sanguinity. 

In one other family 2 older siblings, and in another 
family one older sibling, had died from an un- 
diagnosed but similar degenerative disease. 

The parents of 2 other patients were Ist cousins 
but in neither family was another sibling affected. 


Group 2. Intermediate or early juvenile MLD (7 
patients). 


Age at presentation 
They were aged between 4 and 6 (mean 5) years. 


Symptoms at presentation 

In 3 patients (aged 4, 4, and 6 years! tripping or 
falling was the only concern at first and ane child 
had always been thought to be clumsy. In the remain- 
ing 4 children (aged between 3 and 4, 5, 54, 6 years) 
deterioration in gait was accompanied at the same 
time by evidence of intellectual deterioration which 
took the form of school difficulties (pocr concentra- 
tion, poor memory) and regression to a more imma- 
ture pattern of behaviour (soiling, enuresis, social 
withdrawal, aggression). There was one child in whom 
concern was expressed about develcpment and 
mood at 3 years. 


Subsequent symptoms 

In the 3 children who presented with gait disturbance 
alone, evidence of intellectual deterioration followed 
after an interval of between 8 and 26 months. 

Three patients lost the ability to walk within 1 to 
3 years of onset of the deterioration, at the ages 7}, 
5, and 7 years, and lost sitting ability soon after- 
wards. Speech was lost within 3 months to 2} years 
of onset of the deterioration at ages 5, 54, and 74 
years. 

Fits occurred in 3 patients between 5 and 11 years, 
and in one child a fit occurred with a fever 3 months 
before loss of abilities became apparent. 

Two patients died within 3 and 6 years of the 
onset of their illness at ages 8% and 10 years. Three 
children were alive at 14, 18, and 21 years (9, 14, and 
17 years after the onset of their illness). 


Signs at confirmation of diagnosis, aged 5—12 (mean 
8&4) years 

Extrapyramidal signs were present alone in 3 
patients, cerebellar signs alone in another patient, 
and the remaining 3 patients showed both pyramidal 
and cerebellar signs. Ankle reflexes were absent in 
only one of the 6 patients in this greup. 


Family history 

The parents of one patient were 1st cousins and the 
patient’s sister had died at 18 months having been 
retarded since birth with developing optic atrophy. 
Another patient had a sibling who had MLD 
showing signs at a similar age. 


Group 3. Juvenile MLD (6 patients). 


Age at presentation 
They were aged between 6 and 10 (mean 8) years. 


Symptoms at presentation 

In 4 of these patients school difficulties and be- 
havioural disturbance were the presenting features. 
In the remaining 2, unsteadiness occurred et the 
same time as intellectual deterioration. 


Subsequent symptoms 

From within a few months to 4 years after the onset 
of ther educational and social difficulties, the 4 
patients had started to deteriorate physically. Loss 
of sitting ability was recorded in 3 patients and 
occurred between 2} and 5 years of the onset of 
their physical deterioration which started at ages 
91, 10, and 13 years. Emotional lability was often 
present. One exceptional patient was still able to 
walk at age 17 years, 9 years after his illness had 
begun. 

Fits occurred in 4 patients aged between 8 and 
14 years. 

Two patients died, one at age 11 the other at age 
15 years, 5 years after the onset of their illness. Three 
patients aged between 12} and 19 years were 
still alive (8 years, 64 years, and 11 years) after the 
onset of their illness. 


Signs at confirmation of diagnosis, aged 84—14 (mean 
11) years 

Extrapyramidal signs predominated in all 6 patients 
in this group, although in 3 of them there were 
associated pyramidal signs and in 2 cerebellar 
features (as shown by a mild intention tremor) 
present early. Cogwheel rigidity was noted in | 
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patient and a pill-rolling tremor in another. Ankle 
reflexes were absent in one of these 6 patients. 


Family history 

The apparently normal mother of 2 of the patients 
in this group had leucocyte arylsulphatase A levels 
in the homozygous range and intracellular meta- 
chromatic material in her urine. There was enother 
sibling of these 2 patients, not reported here. whose 
illness started at 6} years with behavioural disorder, 
anxiety, deterioration in school work, and slowing 
of speech. Motor problems started one year later 
and MLD was diagnosed by biopsy at age 74 years.! 
His parents were not consanguineous. 


Group 4. Atypical MLD (1 patient). 


This patient presented with a disturbance of gait at 
age 13 years. At diagnosis aged 16 years he showed 
pyramidal, extrapyramidal, and cerebellar features. 
All his reflexes were present and brisk. Within 3 
years of the onset of his illness he hac shown 
increasing physical and intellectual detersoration. 
He was still alive 6 years later. 

Since most of these children were not seen at this 
hospital at the beginning of their illness, there was 


Table 2. Results of urine and leucocyte arylsulphatase A in some patients and their families 


Urine ASA (mol/g creatinine 











Leucocyte ASA (nmol/mg protein per hour) 











per hour) 
D Á 
Group Patient Father Mother Siblings Patient Father Mother Siblings 
Late infantile 
l 0 
2 <3 11 
3 0 19 
4 0 43 53 0, 8 27 30 
5 3 5 
€ $3 4 24 36 
7 0, 5, 0-5 
€ 6 27 35 
G 14 39 13,6 
1C 8 
11 5 18 10 
12 0 9 
13 6,5,4,2 31 17 
14 8, 0 7, 12 40, 44 36, 33 
Intermediate or early juvenile 
25 4 8 
26 2.3; 0 16 66 3 
27 6 19 9 12 7 
28 9 
29 34 11 
Juvenile 
= 0 1G 
33 5 29 17 26 5 19 32 
54 3, 3,4 7 20, 4 4,3 0, 10 5* 
35 9 2 2 28 24 25 
Atypical 165 
38 233 22 8 


31-323 


25-146 


Centro! range 


* Intracellular metachromic material in urine. 
ASA = arylsulphatase A 
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often no adequate record in their notes of the earliest 
physical signs. The mean interval which elapsed 
between the onset of the first symptoms and con- 
firmation of the diagnosis of MLD was 17 months 
in group 1, 3? years in group 2, 2} years in group 3, 
and 3 years in the patient in group 4. 


Results of diagnostic investigations 

Table 2 records the results of the measurement of 
urine or blood leucocyte arylsulphatase A, or both 
of these, in 24 patients. The diagnosis in other 
patients was made by finding metachromatic 
material either in renal tubular cells voided in fresh 
urine or in biopsies of skin, sural nerve, rectum, or 
brain. 

The examination of urine for intracellular meta- 
chromatic material was performed as described in 
the Appendix. Two separate freshly voided speci- 
ments from 30 patients were each examined. Intra- 
cellular metachromatic material was found in at 
least one of the specimens of all the patients in whom 
urine renal tubule epithelial cells were present. 

Table 3 summarises the motor nerve conduction 
velocities in three groups (the patient in group 4 was 
not tested). Using surface electrodes, nerve con- 
duction velocity was measured in 26 patients. In 24, 
the velocity was measured in the lateral popliteal 
nerve, stimulating at the head of the fibula and at the 
ankle, and recording over extensor digitorum brevis: 
in the remaining 2, velocity was measured in the 
ulnar nerve, stimulating at the elbow, and wrist, and 
recording over abductor digiti minimi. There was 
poor correlation between the briskness of tendon 
reflexes and nerve conduction. In 5 patients tendon 
reflexes were abnormally brisk when motor nerve 
conduction was reduced (Table 4). 

Cerebrospinal fluid was examined in 16 patients 
and the protein was raised in 14 of them to between 
440 and 2250 (mean of 1120) mg/l. The Lange test 
was mildly abnormal with a midzone rise in 2 
patients. Air encephalography was performed in 8 
patients and showed the presence of generalised 
atrophy in 7. 


Table 3 Summary of nerve conduction velocities in 
patients with metachromatic leucodystrophy 





Group Number Normal Abnormal velocity Age when tested 
tested when (metres per ( years) 
tested second ) — 
Mean Range Mean Range 
ee 
1 (n=24) 18 0 15 0-30 3 2}-6} 
2 (n=7) 5 2 12 0-20 9 7-12 
3 (n=6) 3 l 18 10-28 12 9-14 


ne 
Normal range for nerve conduction velocities in the lateral popliteal 
nerve in children aged 7 years is 57 m/second (45-74) and in the ulnar 
nerve 68 m/second (51-78) (Gamstorp‘ 4). 


Table 4 Nerve conduction when tested in children with 
brisk tendon jerks 


oOo ae 








Group Age at onset of Age tested Motor nerve 
symptoms conduction 
Un/s) 
l 15 months 2 years 10 months 17 
15 months 2 years 10 months 23 
15 months 5 years 10 
2 4 years 10 years 17 
5 years 7 years 20 


Computerised axial tomography was performed 
in 3 patients. In 2 patients (aged 2} and 2} years) 
the results were normal 7 and 19 months after the 
onset of the illness, but in the third, a 63-year-old 
girl, a scan 9 months after the onset of illness showed 
a dilated 3rd ventricle and the white matter showed 
low attenuation of a kind often seen in disorders 
with demyelination of the central white matter. 


Discussion 


An analysis of these 38 children with MLD suggests 
that among cases starting after the late infantile 
period, two separate forms can be recognised. An 
intermediate, or early juvenile form may be dis- 
tinguished with an onset with motor difficulties at a 
younger age than the juvenile form which presents 
with behavioural or scholastic difficulties before 
motor difficulties are apparent. 

Late infantile MLD is the most common form and 
63% of our patients (group 1) came into this category. 
The clinical features of our cases did not differ from 
those described previously,’ ! and the occasional 
combination of hypotonia and areflexia should not 
lead to difficulties described by some!!~!* in dis- 
tinguishing this condition from spinal muscular 
atrophy. The onset was at about age 17 months with 
a persisting immature gait or deterioration in walk- 
ing ability, sometimes preceded by delay in starting 
to walk. In some, language and social development 
up to this time and for a short while afterwards were 
normal and then they tended to slow down before 
there was actual loss of abilities. Physical examina- 
tions showed mainly a combination of progressive 
pyramidal and cerebellar signs. The state of reflexes 
was variable, reflecting both the central nervous 
system and peripheral nerve involvement, but at the 
time of presentation the combination of absent 
ankle jerks with extensor plantar responses and brisk 
tendon jerks elsewhere provided a clinical clue in up 
to 30% of patients. During the next few months, 
and generally by age 3 years, the children had lost 
the ability to sit, feed themselves, or speak, and 
they became miserable and w thdrawn. A decorticate 
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posture was soon evident after which death either 
occurred quickly or was delayed for several years. 

Although cases of MLD with onset later than the 
late infantile form have been described, there is con- 
siderable confusion over nomenclature and age at 
onset. Scholz in 192515 was the first to recognise 
MLD in childhood after the initial description of it 
in adults! but since then cases starting between 6 
and 20 years of age,!? 5 and 15 years,'® 13 and 20 
years,” 4 and 10 years,’ and even in patients as 
young as 18 months,” have all been called juvenile. 
In one review of childhood MLD?! there was no 
mention of juvenile MLD, although in another,”* 
up to 30°% of all cases had onset after late infancy. 

Despite this confusion, there are several reports 
of cases similar to our intermediate early juvenile 
group,*2"-26 although they have not been called this, 
and a number of cases similar to our juvenile 
group.” 27-2 Presumably, the reason why all these 
cases have hitherto been regarded as belonging to 
one category with no distinction made between 
early juvenile and juvenile onset, is that the number 
of patients in each reported series has been small. 
This is the largest series of childhood MLD yet 
reported. 

The early juvenile or intermediate form of MLD 
presents in a previously normal child between 4 and 
6 years of age either with a gait disorder alone shown 
by tripping and falling, or in association with intel- 
lectual deterioration. Extrapyramidal or cerebellar 
signs are the most common physical findings, and 
ankle reflexes are usually present. The rate of pro- 
gression of this form of MLD is generally slower 
than in the late infantile form, but eventually the 
same severely handicapped state is reached leading 
to death usually within months although sometimes 
not for several years. 

The juvenile form of MLD presents between 6 
and 10 years of age in a previously normal child. 
Educational and behavioural difficulties are the 
early features and may be present for up to 4 years 
before the slow development of gait disorder. 
Examination shows a demented child with pre- 
dominantly extrapyramidal signs and preserved 
ankle jerks, although often there are associated 
pyramidal signs. Progression of this form of the 
disease is generally slower than the earlier onset 
variants with complete crippling by between 3 and 
6 years from onset. 

The later onset forms of MLD appear to be 
genetically distinct from the late infantile form. We 
have been able to find reports of only two instances 
in which a late infantile and later-onset case 
occurred in the same kinship,” 34 and no ready 
explanation for such variation in the clinical expres- 
sion of a biochemical derangement present from 
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early life. An example of very early involvement is 
shown in a report in which examination of a 20-week 
aborted fetus with reduced arylsulphatase activity 
showed the presence of morphologically normal 
myelin but the sulphatide content was increased 
6-fold.*° 

The apparently normal mother who had a 
leucocyte arylsulphatase A level in the homozygous 
range and intracellular metachromatic material in 
the urine had a third sibling affected by the disease 
in a similar way to her 2 children in group 3. She 
could be a preclinical case of late adult MLD as 
described by Pilz and Hopf.*® 

Quantitative or qualitative differences in storage 
material in the different groups of MLD are dis- 
puted!® and there seem to be no quantitative 
differences in leucocyte arylsulphatase A activities 
between groups in this study and in others.?7 3° 
However, in pulse labelling experiments in which 
degradation of S-sulphatide was studied in intact 
fibroblasts, it was shown that the late infantile and 
adult forms of the disease could be differentiated. 
Also, those parents for whom the level of aryl- 
sulphatase A was biochemically homozygous in 
fibroblast homogenates could be classified as 
heterozygotes when intact cells were used.® Quali- 
tative differences in the physical properties of 
enzymes have been suggested by differing electro- 
phoretic patterns.*® 

Some of the methods by which the diagnosis of 
MLD was made in some patients in this study are 
no longer justifiable in view of the less invasive tests 
now available. The most reliable investigation is 
measurement of arylsulphatase A in blood leucocytes 
or skin fibroblasts, and it is probably advisable to 
confirm the storage of metachromatic material in 
tissue—for example renal tubular cells shed in the 
urine. Other tissues which have been examined 
include dental pulp.4! We have had no experience 
with this technique but would point out that dental 
pulp contains mucopolysaccharides which would 
falsely show metachromasia. A number of other 
findings—such as slow motor nerve conduction 
velocities and raised cerebrospinal fluid protein 
concentration—may reinforce a clinical suspicion 
but they are not in themselves diagnostic. and may 
be abnormal in other diseases affecting beth central 
nervous system white matter and peripheral nerves. 

Prenatal diagnosis of MLD is reliable when a 
clear differentiation can be made between the level 
of residual arylsulphatase A activity in an index case 
and the heterozygous level of the parents. This 
distinction was not possible in 3 of the 9 families in 
the present series in which the enzyme was measured 
in both parents. Either one or both parents were 
found to have low enzyme activities in leucocytes 
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which could not be reliably distinguished from 
affected homozygous levels. It is important therefore 
that the enzyme levels of the parents of MLD 
patients should be measured in other tissues—such 
as cultured fibroblasts—before prenatal diagnosis is 
considered. 

Nerve conduction velocities were reduced in 23 
out of the 26 patients tested, a finding that had been 
noted by several others.! “* 44 Two of the patients 
with normal velocities were in group 2; one was in 
group 3. There were no significant differences 
between the mean velocity in each group. In group 1 
there was no correlation between the degree of 
slowing and the age when tested, although in 2 out 
of 3 patients who had repeated tests, there was a 
reduction in velocity with increasing age. There 
were too few patients to comment on this in the 
other groups. It is worth emphasising that nerve 
conduction velocity can be reduced in the presence 
of exaggerated limb reflexes. 

At present there is no treatment or cure for MLD. 
Moosa and Dubowitz* reported initial improvement 
over 6 weeks in a patient with the late infantile form 
on a low vitamin A diet, but this benefit was not 
confirmed in the only one of our patients (group 3) 
who was treated similarly for 5 months.® 


Appendix 


Urine test for intracellular metachromatic granules 
The urine must be fresh to minimise precipitation of 
urinary phosphates and urates. Early morning 
specimens should be avoided since these tend to be 
stale and too concentrated with consequent lysis of 
cells. 


Method 


(1) Centrifuge urine. Discard supernatant and make 
3 smears, each about 2 cm in diameter on glass 
slides. 

(2) Air dry and fix in formaldehyde vapour at 60°C 
for 1 hour. 

(3) Wash briefly in tap water. 

(4) Stain overnight in 0-01% toluidine blue in 
Mcllvaine buffer pH 5-0. 

(5) Rinse briefly in tap water. 

(6) Dehydrate in acetone (not alcohol), clear in 
xylene, and mount in DPX. 

A positive result is shown by brown meta- 
chromasia in renal tubule cells (mainly collecting 
tubular cells). Bladder epithelial cells and other 
cells have a darkish blue nucleus with pale blue 
cytoplasm. Numbers of positive cells vary and some- 
times there may be only one per slide. 

The colour is a golden sandy brown and the 


material is intracellular and often granular. In 
polarised light the material shows greenish bire- 
fringence. Extracellular material may be occasionally 
seen but is not pathognomonic. If found, repeat 
urine specimens should be obtained anc a higk 
index of suspicion maintained. 


We thank Elisabeth Young for advice and help with 
biochemistry, Dr E M Brett and Dr J Wilson for 
permission to report their patients and for con- 
structive criticism, and Professor A D Petrick for 
help with writing this paper. 
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SUMMARY The effect of applying brain-orientated neonatal intensive care for term infants with 
severe neonatal asphyxia was studied. Such treatment included protective phenobarbitone admini- 
stration together with assisted ventilation and other measures to counteract postasphyxial cerebral 
oedema and any abrupt changes in blood pressure and oxygenation. The mortality rate and incidence 
of long-term sequelae were reduced appreciably, resulting in a 0-1 year mortality rate of 14% 
(previously 50%) and an incidence of neurodevelopmental handicap at 18 months of 17 % (previously 
50%). It is important in the management of infants with severe asphyxia at birth to avoid blood 
pressure fluctuations and to control neuronal epileptic activity by the use of barbiturates and early 


ventilator treatment. 


Some reports have shown that the long-term prog- 
nosis of infants who respond rapidly to resuscitation 
after neonatal asphyxia may not be as bad as might 
have been expected from the initial condition of the 
baby and the course of the disease. However, the 
more severely asphyxiated infant with inadequate 
respiration and abnormal motor activity after 
resuscitation eventually develops apnoeic spells and 
convulsions, and such infants have a high mortality 
rate and incidence of cerebral handicaps.!~* Conse- 
quently in any baby with severe asphyxia the risk of 
serious handicap is high. As the chance of handicap 
cannot be predicted it is difficult to decide to 
what extent resuscitative efforts should be applied. 
Mortality rate and incidence of long-term neuro- 
developmental handicaps probably vary according 
to the practice followed by the individual hospital— 
for example, when to start and when to stop resusci- 
tation. The increasing use of mechanical ventilation 
in many neonatal units has accentuated this problem 
as the doctor in charge has to decide if such treat- 
ment should be started. 

The aim of our study was to evaluate the advant- 
ages of early administration of phenobarbitone in 
high dosage combined with vigorous treatment of 
shock and ventilatory support in term infants with 
severe neonatal asphyxia. 


Material and methods 


We studied 35 term (37 to 42 weeks’ gestation) 
newborn infants with severe neonatal asphyxia 
treated in our neonatal intensive care unit during 
the 6-year period 1973 to 1979. During the first 3 
years (May 1973 to October 1976) 16 infants (group 
A) were treated conservatively (treatment A). 
During the second 3 years (November 1976 to 
October 1979) 19 infants (group B) were treated in 
accordance with our special intensive care protocol 
(treatment B). Any infant with a CNS congenital 
malformation, other lethal malformation, or a 
chromosomal disorder was excluded from the study. 


Criteria. 


Severe neonatal asphyxia 

This was considered present if insufficient respiration 
and severe hypotonia persisted after more than 30 
minutes of intensive resuscitation. Most babies also 
had had signs of intrauterine asphyxia—such as 
abnormal fetal heart rate pattern on cardiotachy- 
graphic registration and a fetal scalp pH below 
7-20. Only term infants fulfilling these criteria were 
studied. 
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Neonatal management 


The following procedures were common to groups 
A and B. General principles in our neonatal in- 
tensive care unit have been given earlier.® 7 

All infants were nursed in incubators in a neutral 
thermal environment with a humidity between 60 and 
80%. Umbilical vein and artery catheters were 
inserted and the catheter position controlled by the 
use of an x-ray film. Chest and abdomen x-ray 
examinations were done on days 1 and 2, and there- 
after according to the condition of the patient. They 
included: acid-base balance with arterial blood 
gas measurements, haemoglobin, platelets, pro- 
thrombin, blood glucose, serum electrolytes, C- 
reactive protein, leucocytes and blood cultures, serum 
creatinine, and blood urea. Electronic monitoring 
of heart rate, respiration, and skin temperature 
was made using SAAB-respimeter (SAAB, 
Linköping, Sweden) or HP _ cardiorespirograph 
(Hewlett-Packard, USA). During the last 2 years of 
the study transcutaneous oxygen tension (TcP0,) was 
measured with a radiometer TcPo,-meter (Radio- 
meter A/S, Copenhagen, Denmark). In 9 infants in 
group B arterial blood pressure was measured via the 
umbilical artery catheter. Fluid balance was calcu- 
lated by continuous measurements of parenteral 
and peroral fluid supply and fluid output via stool 
and urine. 

Electroencephalograms were recorded in all 
infants. In any infant with convulsions, a lumbar 
puncture to search for signs of meningitis or 
cerebrespinal fluid haemorrhage with cytological 
examinations was also done. Head circumference 
was watched during treatment. 


Intravenous fluids 

Intravenous fluids given were 10% glucose, generally 
with sedium-bicarbonate on day 1-2 (6 mmol/100 ml 
10°% glucose). Thereafter sodium, potassium, 
calcium, chloride, and 20% human albumin (AB 
Kebi, Sweden) were added according to fluid and 
electrelyte balance. The fluid amounts were 60-80 
ml/kg per 24 hours on days 1-2, 80-100 ml/kg per 
24 hours on days 2-3, and 100-120 ml/kg per 24 
hours thereafter. 


Aptibtotics 

Immediately after resuscitation cephalothin (100 
mg/kg per 24 hours) was given. If septicaemia was 
diagnosed, treatment was changed to gentamicin 
(7 mg/kg per 24 hours) and cloxacillin (100 mg/kg 
per 24 hours) or carbenicillin (200 mg/kg per 24 
hours). Serum concentrations of gentamicin were 
analysed once or twice a week. 


Brain-orientated intensive care 177 


Treatment A. 


Intubation and ventilator treatment 

If the infant had required endotracheal intubation, 
this was stopped immediately spontaneous breathing 
started. For correction of acidosis, sodium bicarbon- 
ate 5 ml per estimated kg body weight was given 
through an umbilical vein catheter at 1C to 20 
minutes of age to any infant requiring endo racheal 
intubation. Ventilator treatment was started only if 
the baby did not obtain spontaneous respiration or 
if recurrent apnoeic attacks requiring mask and bag 
ventilation or severe respiratory insufficiency with 
hypercarbia (Paco, >9 kPa) later occurrec. 


Blood transfusion 

This was given to any infant with a evel of 
haemoglobin below 140 g/l during the first 48 hours 
after birth. 


Anticonvulsive treatment 

If convulsions were recorded, an initial int-avenous 
dose of diazepam (1 mg/kg) was given; for recurrent 
convulsions phenobarbitone (8 mg/kg per 24 hours in 
two doses intramuscularly or perorally) was given. 
If the convulsions did not respond, prridoxine 
100 mg in a single dose was given. If the convulsions 
still continued lidocaine (4-6 mg/kg per hour 
intravenously in 5-5 °% glucose infusion) was added. 


Treatment B. 


Intubation and ventilator treatment 

If the baby had required intubation initially, the 
baby was extubated as soon as adequate spentaneous 
breathing had been established. Sodium-bicarbonate 
(5 ml/kg estimated body weight) and 30% glucose 
(2 ml/kg) were given via umbilical vein catheter at 
between 10 and 20 minutes after birth. Ventilator 
treatment was started after resuscitation iv the baby 
did not show regular spontaneous breaching and 
adequate muscular tone with vigorous movements, 
and did not cry within 30 minutes after delivery. 


Blood and plasma transfusions 

All infants were given fresh frozen plasma within the 
first hours after delivery and thereafter daily for 3 
days postnatally in a dosage of 10-15 mi/kg intra- 
venously. Hypotensive infants in shock cr with low 
haemoglobin concentrations (less than 150 g/l at 
age 0-24 hours) were given erythrocyte concentrate 
10 mg/kg repeatedly. Infants with sigms of hae- 
morrhagic disorders (blood oozing from umbilicus 
or heel pricks) received antifibrinolvtic drugs 
(Cyklokapron) and fresh blood exchange transfusion. 


Barbiturate protection 
In infants fulfilling the criteria for severe neonatal 


we 
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asphyxia (vide supra) phenobarbitone treatment was 
started, generally within 60 minutes of delivery 
without awaiting clinical signs of convulsions. An 
initial intravenous dose of 10 mg/kg was given and 
then 4 hours later treatment with 10 mg/kg per 
24 hours in two doses was started. 


Brain oedema treatment 

Bethametasone was started simultaneously in a 
dosage of 2 mg intravenously 6-hourly and fruse- 
mide in a dosage of 2 mg/kg intravenously 8-hourly. 
These drugs were tailed off over 48 to 96 hours. 


Anticonvulsive treatment 

If convulsions still occurred despite phenobarbitone 
intravenous diazepam (1-2 mg/kg) was admini- 
stered. If convulsions still persisted lidocaine was 
given in an initial dose of 2 mg/kg intravenously, 
and thereafter 4-6 mg/kg per hour, tailed off over 
24 to 36 hours. 


Drug level monitoring 

Serum concentration of phenobarbitone was 
measured 2448 and 72-96 hours after starting 
treatment. On day 4 the treatment was tailed off 
over 4-6 days until the serum concentration was 
‘ below 125 pmol/l (3 mg/100 ml) before the baby 
was taken off the ventilator. In infants receiving 
diazepam the serum concentration of diazepam and 
N-desmethyldiazepam was measured before the 
baby was taken off the ventilator. 

Treatment with phenobarbitone was continued 
beyond the neonatal period, generally for 4 to 6 
months, if an infant showed clinical signs of con- 
vulsions. In such infants the serum concentration of 
phenobarbitone was kept between 50 and 80 ae 
(1-2 and 1-8 mg/100 ml). © 


Follow-up examinations. Sono-encephalogram and 
skull transillumination as well as neurological 
evaluation were made before discharge from the 
neonatal unit. 

At 5-6, 9-10, and 14-18 months neurodevelop- 
mental examinations were performed in all babies. 
Ophthalmological examination and audiometric 
tests (at 10-18 months) were also performed in all. 


Statistical methods. The y? test has been used for 
group comparisons. 


Results 


Table 1 gives details of the infants. There were 16 
group A and 14 group B infants with early neonatal 
asphyxia at delivery. In addition 5 group B infants 
with late neonatal asphyxia are presented separately. 
They had sudden cardiac arrest and apnoea several 
hours postnatally after a clinically apparently 


Table 1 Clinical data of 35 infants with severe 
neonatal asphyxia 


Group A Group B 
Early asphyxia Early asphyxte. Late asphyxia 
{n= 16) (n= 14)" (a= 5) 
Birthweight (g) 
Mean. 3366 3168 3482 
Range 2380-4100 1970-4430 2940-4150 
Gestational age 
(weeks) 
Mean 39-7 39-6 33.4 
Range 37—42 37-42 33-42 
Small for gestational 
age (--2 8D) I 2 — 
Boys: giris 12:4 9:5 3:2 
Mode of delivery 
Vaginal: vertex* 14 (6) 11 (3) 2 
Breech - - 1 
Caesarean section 2 5 2 
Apgar scores mean 
(rango) P-value 
At 1 minute 1:5 0-4) NS 1-0(0-4) 7-8 (6-9) 
At 5 minutes 3.1 (6-5 NS 2-7-5 3-6 (5-10) 
At 10 minutes 4.637) NS = 4-7(I-5) 3-4 (5-10) 
Number IPPV- 
treated Infants 10 (62%) 118739 §a03%) 
Age at start of 
IPPY (hours) 8-5 (1-18) 0-9 (0-5-4) 21 (2-48) 
Duration of [PPV 
(days) 9-4(1-35) NS = 12-5 (4-25) £ G~21) 


* Vacuum extraction, forceps instrumental delivery In brackets, 
NS not significant. 


symptom-free period. All were term infants. One in 
group A and 2 in group B were small for gestational 
age. The boy/girl distribution was 12/4 and 12/7. 
Instrumental or caesarean section delivery had been 
made in 8 of 16 infants in group A and in 10 of 19 
infants in group B. 

Among the infants with early neonatal asphyxia 
10 in group A and 7 in group B were inborn (that 
is delivered in the maternity hospital in Lund). 
During period A another 4 and during veriod B 
another 2 term infants with severe perinatal asphyxia 
did not respond to resuscitation and died shortly 
after delivery. These 6 infants were not included in 
the study. In our inborn population the total inci- 
dence of severe early neonatal asphyxia was 1-1 per 
thousand (14 of 12653 liveborn infants: during 
period A and 0-8 per thousand (9 of 10 519 liveborn 
infants) during period B. 

The degree of asphyxia as evaluated by Apgar 
score is also shown in Table 1. The mean Apgar 
score of infants in groups A and B with early 
asphyxia at delivery was not appreciébly different, 
whereas group B infants with late neonatal asptyxia 
had only slightly reduced Apgar scores. In group A 
10 (62%) of 16 infants were treated with intermittent 
positive pressure ventilation (PPV). In these infants 
IPPV was started at a mean age of 8-£ hours 
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Table 2 Clinical data of 5 group B infants with late neonatal asphyxia 

















Sex Birthweight Gestational Delivery Apgar Age at which Age at which Symptoms Outcome 
(e) age score respiratory IPPV started 
(weeks) and cardiac (hours) and 
arrest took duration 
place (hours) 
M 3130 41 Caesarean section 6-9-9 12 13 (5 days) Persistent fetal Normal 
(ablatio circulation. No 
placentae) convulsions 

F 2020 40 Vertex 7-5-5 2 2.5 (6days) Meconium Normal 
aspiration. No 
convulsions 

M 4150 40 Breech 8-10-9 2 2-5(3 days) Meconium Died day 3 
aspiration. Con- (anoxic encephalo- 
vulsions at 4 pathy and re- 
hours conium aspiration 

syndrome) 

F 2940 39 Vertex 9-10-10 48 48 (10 days) Group B strepto- Normal 
coccal sepsis. 
Convulsions at 
49 hours 

M 3120 37 Caesarean section 9-9-9 8 9 (21 days) Persistent fetal Infantile spasms. 


circulation. Renal 
vein thrombosis. 
General bleeding 
and intracranial 
haemorrhage. 
Convulsions at 

5 hours 


Moderate >sycho- 
motor retardation 





(range | to 18). In group B 11 (87%) of 14 infants 
were treated with IPPV starting early according to 
treatment B criteria at a mean age of 0-9 hours 
(range 0-5 to 4) after birth. The delay in starting 
IPPV in some group B infants was mainly related 
to transportation of outborn infants. In the 3 infants 
not treated with IPPV in group B, sufficient spon- 
taneous ventilation and oxygenation had been 
established at arrival in the neonatal intensive care 
unit. Despite starting earlier, IPPV was not con- 
tinued significantly longer in group B than in group 
A. The 5 group B infants with late neonatal asphyxia 
were started on IPPV after resuscitation because 
they fulfilled our criteria for severe neonatal asphyxia. 
Their clinical data and diagnoses are shown in 
Table 2. 


Mortality. As shown in Table 3 the total mortality 
(at age 0-12 months) was significantly lower in 
group B (14%) than in group A (50%). In group A 
5 infants died in the neonatal period with anoxic 


Table 3 Mortality rate 

















Group A Group B 
Early asphyxia Early asphyxia Late asphyxia 
(n=16) (n=1/4) (n= 5) 
Liveborn infants 16 (10) 14(11) § (5) 
Mortality 0-28 days 5(4) 0 1 (1) 
Mortality 28 days- 
1 year 3 (3) 2 (2) 0 
Tota! mortality 8 (50% 2(14%) 1 (20°) 
P-value P<0-05 





No of infants treated with IPPV shown in brackets. 


encephalopathy at necropsy examination. Cerebral 
oedema in 3 of these infants, and intraventricular 
haemorrhage in the remaining 2 were major ad- 
ditional findings. Postnatal deaths occurred at 14, 
3, and 33 months of age in group A and at 7 and 11 
months of age in group B infants. These 5 infants all 
had severe anoxic encephalopathy with corticol- 
cerebral atrophy at necropsy. All had shown clinical 
symptoms of severe cerebral sequelae—that is 
convulsions, retarded psychomotor development, 
and tetraplegia or hemiplegia. 


Handicaps in surviving infants. As shown (Table 4) 
the higher survival rate in group B did not result in 


Table 4 Handicap rate in infants after severe neonatal 
asphyxia and surviving the first year of life 














Group A Group B 
Early asphyxia Early asphyxia Lete asphyxia 
(n=16) (n= 14) (n= 5) 
Survivorsatl year 8(50% 12 (86%) 4.30% 
Neurodevelopmental 
sequelae in sur- 
vivors 4 (50%) 217%) 1425 %) 
CP l — — 
CP+ PMR l 1 — 
CP+PMR- 
convulsions 2 — —- 
PMR +convul- 
sions —- 1 l 
Rate of handicap 
In survivors 4 (50%) 10(83%) 3(75%) 
In total liveborn 4(25%) 10(71%) 3 (60%) 
P-value P<0-01 
CP = cerebral palsy, PMR = psychomotor retardation. 
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an increased rate of neurodevelopmental handicaps 
(17%) compared with group A (50%). On the 
contrary in relation to the total number of infants 
the incidence of normal survivors after early severe 
asphyxia was 71% in group B compared with only 
25% in group A (P<0-01). In infants with early 
neonatal asphyxia at birth the following handicaps 
were found: 


Group A 

One infant had moderate diplegia only, one hemi- 
plegia with moderate psychomotor retardation, and 
2 infants severe dyskinetic cerebral palsy, and 
convulsive disorders (infantile spasms in one case). 


Group B 

One infant had severe tetraplegia and psycho- 
motor retardation, and one infant with moderate 
psychomotor retardation had hemiconvulsions at 
age 2 years. 

In infants with late neonatal asphyxia only í of 4 
survivors developed abnormally with infantile 
spasms at age 4 months, later developing slight 
psychomotor retardation but no seizures. The 
normal survivors were at least 18 months (range 
18 months—6 years) at the last follow-up examina- 
tion. 


Convulsions and phenobarbitone treatment. Neonatal 
convulsions occurred in 87% of group A infants 
(Table 5). In group B phenobarbitone treatment was 
started as soon as intensive care treatment had been 
decided on. Yet in 3 infants convulsions had started 
before phenobarbitone treatment was instituted and 


Table 5 Convulsions in infants with severe asphyxia 


Group A Group B 
Early asphyxia Early asphyxia Late asphyxia 
(n= 16) (n= 14) (a5) 
Neonatal convul- 
sions 14 (87%) 8 (57%) 4 
Age at which con-- . 
vulsions started 
(hours) 
Mean 7-5 6-6 16 
Range 1-18 hrs 3-10 brs 4-48 hrs 
Phenobarbitone treatment 
All infants 14 14 
Before convub i 
sions -~ 0 7 2 
After convulsions 14 1 2 
Recurrent neonatal 
convulsions- 10 (63%) 3@1%) 2 
Diazepam or lidocaine 
or both 3 2 
Rate of postnatal 
convulsive dis- 
sorders 5/11 (146%) 3/14(—21%) 1/4 
In survivors 2/8 (=25%) 1/12 (8 %) 1/4 
In infants dying 
natally 3/3 2/2 = 








& Survivors: normal 
C Survivers :CNS~ sequelae 


123456 10 15 20 a 
Days after delivery 
Figure Phenobarbitone serum levels in group B infants. 


9 infants had convulsions despite it. However, 
recurrent neonatal convulsions occurred much more 
often in group A (63%) than in group B infants 
(21%). 

Convulsive disorders were still present after the 
neonatal period in 5 of 11 group A infants compared 
with only 3 of 14 group B infants. 

Phenobarbitone serum concentrations were regu- 
larly measured in group B infants and the maximum 
levels obtained are shown in the Figure. Although 
the initial dose was equal in all cases the maximum 
level generally obtained on day 2 or 3 Ciffered 
widely, as did the disappearance rate after stopping 
phenobarbitone. Apart from these pharmacokinetic 
peculiarities of phenobarbitone, we noted that in 
infants with serum concentrations greater than 
225 umol/i (5-2 mg/100 ml) there was invariably a 
decrease of heart rate below 100 per minute as well 
as decreased beat-to-beat variability (to less than 5) 
in infants monitored with a cardiorespirograph. In 6 
group B infants blood pressure monitoring showed 
a decrease of mean arterial blood pressure from 
40-50 to 30-35 mmHg within 15 minutes after 
intravenous phenobarbitone infusion. 


Discussion 


Several experimental studies have indicated that 
barbiturate can ameliorate the effects of various 
types of brain hypoxia or ischaemia even when 
administered in the phase of resuscitation. This 
has led to clinical trials of barbiturate therapy after 
cardiac arrest in adults and these have given contra- 
dictory results. 14-4 In one report a lower raze of 
mortality and brain damage was found in the 


offsprings of rhesus monkey mothers treated by 
barbiturate before birth.'® In the present study our 
aim was toeevaluate the outcome of phenobarbitone 
treatment in the neonatal period as protection against 
brain lesiens in severely asphyxiated newborn 
infants. 

There are several possible mechanisms whereby 
barbiturate may exert a protecting effect!” 14 17~**—- 
for example by a sedative effect, by a reduced cerebral 
metabclic rate of oxygen (CMRO,) known to follow 
barbiturate administration, by the anticonvulsive 
effect per se, by prevention of cerebral oedema and 
reduction of intracranial hypertension, or by a 
membrane stabilisation effect. The suggested ability 
of phenobarbitone to inhibit lipid peroxidation”? has 
recenthy been disproved.”4 

Recent reports indicate that in asphyxiated pre- 
term rewborn infants the autoregulation of cerebral 
blood flow in relation to blood pressure is lost 
leading to a pressure passive cerebral blood flow.'® °° 
Consequently there is a considerable risk of cerebral 
haemorrhage due to sudden rise in blood pressure 
often occurring during infant care (for example, at 
suctioning, handling, feeding, etc.) or during seizures. 
(In our study 2 infants who died early in the neonatal 
period actually had cerebral haemorrhage at 
necropsy in addition to anoxic encephalopathy.) 
For the same reason the risk of ischaemic cerebral 
lesions due to sudden drop in blood pressure is also 
high in neonatal asphyxia.?°*° From continuous 
measurements of blood pressure in some babies in 
our study it was obvious that the rather high bar- 
biturate concentrations obtained ameliorated sudden 
rapid blood pressure changes—for example during 
endctracheal tube suctioning or lumbar puncture. 
In this context animal studies showing that during 
stress CMRo, will increase to about twice the pre- 
stress value should be taken into consideration.” 
Thus sedation may be crucial in the treatment of 
seriously ill newborn infants. 

It is well known that seizures under certain circum- 
stances may give rise to brain damage.” *’ Therefore 
the anticonvulsive effect of barbiturate per se may 
also be an important protective factor. Postasphyxial 
seizures are common after severe neonatal asphyxia, 
in some reports occurring in more than half of the 
cases.4° 2829 Furthermore, in these studies several 
children with neurodevelopmental handicaps initially 
had had prolonged seizures. In the postasphyxial 
state convulsions probably have a deleterious effect 
since CMRo, increases if there is impaired circu- 
lation and ventilation, finally leading to cur- 
tailed cerebral energy balance.*® 3! Furthermore, 
Wasterlain2®? showed that even short-lasting but 
recurrent seizures in newborn rats are followed by 
reduction in brain size and DNA content. Thus it 
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is important to prevent prolonged or recurrent 
seizures after neonatal asphyxia. Despite early anti- 
convulsive treatment several group B infants still 
had seizures. However, recurrent seizures were 
avoided to a large extent in this group (Table 5). 

Large doses of barbiturate may cause cerdiac 
failure.!° Besides a moderate bradycardia (35 to 
105 beats per minute) and decrease of beat-to-beat 
variability we noted only a moderate decrease in 
blood pressure. If cerebral autoregulation is 
abolished in asphyxiated infants such a decrease in 
blood pressure could lead to a reduction in brain 
perfusion and lower cerebral oxygen availebility. 
However, this is counterbalanced by the reduction in 
CMRo, induced by barbiturate.'’ 

Barbiturate blood levels varied widely but in all 
cases levels well above the therapeutic range con- 
sidered anticonvulsant in older individuals (50-120 
umol/l (1-2-2-9 mg/100 ml)) were reached. At 
levels above 200 umol/l (4-8 mg/100 ml) no infant 
had seizures. However, respiratory insufficiency 
occurred at levels 150-180 umol/l (3-6-4-3 mg/100 
ml). It is possible that the phenobarbitone edmini- 
stration thereby may have prolonged veatilator 
treatment in some infants. From studies of Jalling?* 
it is known that the phenobarbitone half-life in the 
newborn is long and variable. It was not possible 
to keep to a fixed treatment schedule as our 
asphyxiated newborn infants in several cases showed 
unpredictable pharmacokinetics (Figure). Repeated 
measurements of serum levels must be done during 
treatment, and heart rate and blood pressure should 
be monitored continuously. 

Brain swelling is common in asphyxiated newborn 
infants, and was found in 3 infants at necropsy in 
our study. In accordance with earlier studies??~*° 
we therefore added steroids and IPPV to oar inten- 
sive care treatment. The hyperosmotic glucese solu- 
tion given initially in group B should ccunteract 
cerebral oedema more rapidly than steroid t-eatment 
which does not reduce intracranial pressure in less 
than 12 to 24 hours. Eventually the presumed 
membrane stabilising ability of barbiturate nay also 
help to diminish the brain oedema.!? 1° 7 

The impact of disturbances in carbohydrate 
turnover in perinatal asphyxia is unknown. Experi- 
mental studies have repeatedly shown that hypo- 
glycaemia reduces resistance to anoxia anc seizures 
in the newborn period.”° 38 37 There is experimental 
evidence implying that blood glucose concentrations 
considered adequate in physically well infants may 
be inadequate in cases of asphyxia.?® Fur hermore, 
it has been claimed that perinatal asphyxia may 
play a role in early onset of neonatal hypoglycaemy 
especially in term infants.” On the other 
experimental studies indicate that the brēi 
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accumulation after anaerobic metabolism may be 
a deleterious factor, brain lesions being less common 
in animals starved before experimental hypoxia? 46 
However, these studies have dealt with metabolic 
events before and during the asphyxial period. The 
consequence of administration of glucose in the 
resuscitation period in newborns has not been de- 
fined. In this context the impending heart failure 
due to depletion of cardiac glycogen stores must also 
be considered.*” 

Not only is adequate oxygenation crucial: the 
Pco, level is of considerable importance too. 
Cerebral blood flow varies directly with the CO, 
tension! and it has been shown that slight or 
moderate hypercarbia will increase the rate of 
intraventricular haemorrhage in newborn infants.?2 
Hyperventilation transiently and quickly lowers the 
intracranial pressure.*? 44 In the present study we 
aimed at and obtained in most cases an arterial 
Pco, level in the range of 2-8 to 4-5 kPa (21 to 
33 mmHg) within the first hours of IPPV treatment. 
As glomerular filtration rate is much lower in 
neonatal asphyxia diuretics were included in the 
initial intensive care treatment to avoid fluid over- 
load. 

Owing to the fact that we had few patients and 
were not able to achieve a double-blind design, 
evaluation of our study should be cautious. How- 
ever, this brain-orientated intensive care regimen 
including phenobarbitone protection seemed to 
improve the outlook for this group of patients in 
whom the prognosis would otherwise have been 
bad. Whether this regimen can be used in severely 
asphyxiated low birthweight infants cannot be 
decided without further clinical trials. Finally, we 
want to stress that the resources of a neonatal 
intensive care unit with experience in assisted ventila- 
tion and blood pressure monitoring is necessary for 
this kind of treatment until further experience is 
gained. 


This work was supported by grants from Margareta- 
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Resuscitation of preterm babies at birth reduces the 
risk of death from hyaline membrane disease 


EVELYN ROBSON AND EDMUND HEY 


Princess Mary Maternity Hospital, Newcastle upon Tyne 


SUMMARY 


Increased attention to pulmonary aeration and oxygenation by early recourse to active 


resuscitation at birth was associated with a 20% reduction in mortality from hyaline membrane 
disease in preterm babies of 1-2 kg in 1971-76 compared with 1960-67. There were no other 
identifiable changes in management during this period. 


Babies of 1-2 kg born at this hospital between 1960 
and 1967 who were pink on admission to the special 
care nursery at birth were only one-quarter as likely 
to die of hyaline membrane disease as those who were 
cyanosed on admission. Omer ef a/.' in presenting 
these findings were drawn to ask the question, “Can 
initial resuscitation of preterm babies reduce the 
death rate from hyaline membrane disease ?’. They 
therefore adopted a policy of early intervention with 
elective intubation and ventilation at birth for all 
but the most vigorous preterm babies. Careful 
attention to adequate oxygenation and warmth was 
maintained during transfer and stabilisation in the 
nursery, using an in-dwelling orotracheal tube if 
necessary. This new policy caused a 3-fold reduction 
in the number of preterm babies who were cyanosed 
on admission and reduced the number of deaths 
from hyaline membrane disease, but the reduction 
failed to reach statistical significance during the 
period of study (1971-72) because there were too 
few infants.! 

We have now reviewed the evidence afresh for the 
period since 1971 and report the final outcome of the 
study originally initiated by Neligan and Robson 10 
years ago. A policy of minimum handling? was 
maintained, radiological investigation was kept to a 
minimum, and oral feeding started only if it could 
be established that the baby had no sign of 
respiratory distress. In these and other respects 
management remained unaltered. Hand ventilation 
(with unhumidified oxygen) at a peak inspiratory 
pressure of 3 kPa (30 cmH,O) was however, always 
used in every intubated baby to combat any 
increased resistance to airflow during this period of 
early stabilisation. 


Results 


Between 1960 and 1967 the proportion of hospital- 


born babies dying each year from hyaline membrane 
disease remained consistent at 10-77—0-33°% 
(mean +SEM) of all 1-2 kg livebirths.! Comparable 
figures for the period 1971-79 showed a total of 430 
births weighing 1-2 kg. All but 2 of the non- 
malformed babies to die had necropsy examinations. 
Only 30 (6-9%) of the babies died with hyaline 
membrane disease. Management remained unaltered 
until 1977 when a policy of early recourse to 
ventilatory support was introduced for babies with 
severe respiratory acidosis or frank cyanosis in high 
concentrations of oxygen. This reduced the overall 
mortality but caused a substantially greater increase 
in the number of babies receiving ventilatory 
support, rendering comparison with the period 
1960-67 difficult. For this reason we have limited this 
present review to the years 1971-76. 

Between 1971 and 1976 there were 264 babies 
de ivered in the hospital weighing 1-2 kg and only 
14 of them were blue on admission to the nursery. 
Nineteen babies died of hyaline membrane disease 
with or without intraventricular haemorrhage and a 
fur her 4 survived only after a period of prolonged 
artificial ventilation (Table) 

The number of babies who died each year (or 
survived only after prolonged ventilation) was very 
similar each year (mean 8-79+-0-20°%). Mortality 
therefore fell by more than one-fifth (P<0-001) 
when greater attention was pad to resuscitation at 
birth. Management remained constant in all other 
respects between 1960 and 1976 apart from the 
introduction of artificial ventilation using a Bennett 
PR2 ventilator in 1968 for babies with signs of 
terminal respiratory failure. 

Twenty-seven per cent of the babies were judged to 
be asphyxiated at delivery inc:uding 15 of the babies 
who died (or survived only after artificial ventilation) 
between 1971 and 1976. Seventy-four per cent were 
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Table Death from hyaline membrane disease in babies 
of 1-0 te 2-0 kg at birth 





= m 











Years Condition on Number Deaths HMD death 
admission of babies from HMD* rate (%) 

1960-67 Pink 382 26 6-8 10-7 
Blue 83 24 28-9 

1971-76 Pink 250 18 7+2 8.7 
Blue 14 a 35-7 


HMD = hyaline membrane disease. 

*Four babies survived after prolonged ventilation for HMD between 
1971 and 1976 (one of whom was cyanosed on admission); they have 
been classified as ‘deaths’ for the purpose of the present analysis to 
make the two study periods comparable because effective equipment 
for providing artificial ventilation only became available in 1968. 


given oxygen by intermittent positive pressure at 
birth in the second 6-year period compared with 
38% in the first 8-year period. The birthweight 
distribution remained unchanged. 


Discussion 


There are difficulties in comparing the outcome of 
management in the early 1960s with management in 
the early 1970s, but there were few changes in the 
policy for managing hyaline membrane disease 
between 1960 and 1976. The same senior medical 
and nursing staff were in charge throughout, and 
no attempt was made to introduce the newer 
techniques of antepartum beclomethasone pro- 
phylaxis, antepartum fetal blood gas monitoring, 
intré-arterial neonatal blood gas and blood pressure 
moritoming after del ve-y, or cons‘ant positive 
airways pressure treatment when these were first 
widely popularised in the early 1970s. There was no 
change in the incidence of proved or suspected sepsis 
or pneumonia during the period covered by the 
survey and no change in the very small number given 
antibiotic treatment. Feeding policy also remained 
unchanged, although there was a marginal increase 
in intravenous fluid intake in babies aged more than 
48 hours during the latter part of the study. Rather 
fewer babies were hypothermic on admission after 
1970, but there were no differences in subsequent 
mean rectal temperature; neither was there any 
correlation between body temperature on admission 
and final outcome (after allowing for the strong 
correlation between birthweight, initial asphyxia, 
and outcome). It is however, impossible to rule out 
some subtle but important change in management 
during a 17-year period. 

Nevertheless, although the overall prognosis for 
babies of 1-2 kg improved significantly during that 
time, the improvement was entirely due to the abrupt 
decrease in the number of deaths from hyaline 
membrane disease, and was only of the magnitude 


predicted by the 3-fold decrease in the number of 
cyanosed babies admitted to the nursery after birth 
(if allowance is made for the 4 babies who survived 
only after prolonged artificial ventilation be ween 
1970 and 1976). The prognosis for bab es whe were 
pink on admission remained 4 times as good as the 
prognosis for cyanosed babies, and did not improve 
between 1960 and 1976. 

Lung function is now known to be abnormel even 
at birth? in many babies who eventually die of 
hyaline membrane disease, and the poor prognosis of 
those babies with cyanosis on admission could be 
merely an expression of the functional immaturity of 
the baby’s lung. However, the reduced incidence of 
cyanosis and decreased mortality in those babies 
subjected to more careful resuscitation indicates that 
greater attention to establishing effective aeration of 
the lung at birth can decrease the risk of lethal 
hyaline membrane disease as Omer et al.! suspected. 
Attention was focused initially on the importance of 
avoiding hypothermia or cyanosis after delivery, but 
later attention was also focused on improving the 
even aeration of the lung, encouraging the cevelop- 
ment of a stable functional residual capac ty, and 
correcting any possible acidosis with a period of 
elective hyperventilation after delivery. The 
theoretical risks of hypothermia and acidosis are 
apparent from the evidence of Gluck et e/.4 who 
found that such insults had a profound and 
immediate effect on surfactant production.’ and 
several controlled trials have shown the value of 
correcting any acidosis detected shortly after birth.® 
There are however potential hazards in using sodium 
bicarbonate for this purpose, and good reasons for 
considering artificial hyperventilation a safer and 
more ‘physiological’ means of achieving the same 
objective. Pure oxygen was used partly as a matter 
of convenience, but also because there is some 
evidence that its use improves effective pulmonary 
blood flow? ê and no evidence that a short period of 
hyperoxia is dangerous. Babies witk hyaline 
membrane disease are known to expand their lungs 
poorly at birth? ° and atelectasis is clearly capable of 
setting in train many of the self-perpetuating 
problems associated with the disease process. This 
therefore, provided another potential reason for 
undertaking elective resuscitation at birth. 

It is 15 years since experimental fetal distress was 
first clearly shown to augment the risk of respiratory 
distress and hyaline membrane formation in the 
immature lamb.’° In human infants, the risk of 
respiratory distress in the second twin is known to be 
3 times as high as in the first twin,!! and the risk of 
death from hyaline membrane disease nearly 
doubles’ when at least one infant is affected at birth. 
Different rates of surfactant maturation have 
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occasionally been documented in multiple 
pregnancy,!* but different degrees of intrapartum 
asphyxia are a more likely explanation for the 
differing outcome. While many preterm babies 
develop respiratory distress even in the absence of 
acidosis at birth,® infants with acidosis and cardio- 
tochographic evidence of fetal distress during 
labour are known to have an increased incidence of 
respiratory distress,!“ and an increased risk of death 
from hyaline membrane disease. 

These data suggest that adequate resuscitation at 
_ birth and the careful avoidance of all asphyxiai 
stress after delivery did more to reduce mortality 
from hyaline membrane disease in Newcastle 
between 1971 and 1976 than the provision of artificial 
respiratory support for babies with established 
disease: that prevention is quicker than cure. It also 
appeared to work better than prolonged artificial 
ventilation during the years covered by this study 
although with recent improvements in technique this 
is probably no longer true. Nevertheless, if attention 
to treating asphyxia in the preterm infant 
immediately after birth can reduce mortality from 
hyaline membrane disease by one-fifth, it is likely 
that even more could be achieved by increased 
attention to asphyxia before delivery. 


We are indebted to the late Dr G A Neligan whose 
consistent and dedicated care and deep interest in 
all aspects of basic nursing management made this 
study possible. His collaborative research with E R 
covered a period of over twenty years and we regret 
that he did not live long enough to write this paper 
himself. 


We thank the members of the staff of the Department 
of Pathology who provided necropsy reports and 
helped with the final histological reviews. 
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Whole foods and increased dietary fibre improve 
blood glucose control in diabetic children 


A-L KINMONTH, R M ANGUS, P A JENKINS, M A SMITH, AND J D BAUM 


Department of Paediatrics, John Radcliffe Hospital, Oxford 


SUMMARY In prescribing a diabetic diet more attention has traditionally been paid to the amount 
of dietary carbohydrate than to its type or structure. We have compared the effect on blood 
glucose of substituting unrefined, whole foods for refined, processed foods in liberal carbohydrate 
diets (50-55% of dietary energy) eaten by 10 diabetic children in a randomised crossover study. 
All measurements were made at home. The unrefined diet used whole foods (including dried beans) 
supplying 60 g/day of dietary fibre. The refined diet used processed foods supplying 20 g/day of 
dietary fibre. Diets were isocaloric for carbohydrate, fat, and protein. Glycaemic control was 
assessed by daily urine analysis for glucose, home blood glucose measurements, glycosylated 
haemoglobin, and by a 24-hour profile of blood and urinary glucose carried out at home after 6 
weeks on each diet. Glycaemic control was significantly better on the unrefined diet. On profile 
days mean blood glucose levels on the unrefined and refined diets respectively were: preprandial: 
5:5 and 8-4 mmol/l; postprandial 8-5 and 12-2 mmol/l. The mean 24-hour urinary glucose excretion 
on the unrefined diet was 9-3 g and on the refined diet was 38-0 g. Six months after the study the 
children were eating appreciably more dietary fibre than before (mean increase 13-6 g/day). Attention 
to food type and structure can improve blood glucose control in diabetic children and should provide 
an acceptable and more rational basis for dietary prescription than one based on carbchydrate 


quantity alone. 


Traditienal diabetic diets have paid more attention 
to the amount of dietary carbohydrate than to its 
structure or type. There is however a substantial 
amount of evidence to suggest that changing the 
physical form of the food in the diet,' * and increasing 
the amount of specific types of dietary fibre it 
contaires? 4 can appreciably affect the insulin or 
blood glucose response to test meals in healthy 
volunteers. Furthermore, such dietary changes can 
improve blood glucose control during experimental 
diets in diabetic patients.°~® 

However such studies have all been on adults, and 
there are no reports of dietary studies on diabetic 
children using modern methods of assessing control. 
The measurements reported have generally been 
made during single day admissions to hospital® or 
during short periods on metabolic wards® 7 ° and it 
is not clear to what extent such results can be applied 
to everyday life,” particularly in children with their 
variable exercise patterns. 

In addition, the adult studies have all been on 
maturity-onset diabetics’ ° or insulin-dependent dia- 
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betics without (-cell reserve.* Their relevance to dia- 
betic children in whom residual $-cell function may 
facilitate diabetic control’! is therefore unknown. 

In some studies the amount as well as tie source 
of carbohydrate in the diet has been a tered, so 
making changes in the proportions of other proxi- 
mate constituents, particularly fat.” 8 Moreover the 
amounts of dietary fibre used have been large, up to 
five times that in the normal British diet, and such 
diets are likely to be unpalatable to children (as well 
as to adults).® 

It is particularly important to establish practical 
measures for improving glycaemic control in diabetic 
children, since children are put at specal risk of 
microvascular complications in middle ege by the 
early onset of the disease.!* 

We have therefore performed an extended 
domiciliary study to investigate the effect on blood 
glucose and the acceptability to families of substi- 
tuting naturally available high-fibre whok foods for 
the traditional low-fibre foods in the diets of diabetic 
children. 
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Clinical methods 


Patients. The study was approved by the Oxford 
Ethics Committee, and 10 willing diabetic children 
were recruited with the consent of their families and 
general practitioners. Group meetings and food 
demonstrations were used to explain the project, and 
parents and children gave written consent. 

There were 4 girls and 6 boys with a mean age of 
14-1 (range 11-3-17-0) years. The mean duration of 
diabetes was 4-7 years (range 9 months to 14 years). 
The mean height centile was the 50th (range 25-90), 
and the mean weight centile was the 70th (range 
10-90). On average they were 5-5% overweight for 
height’? (range —6 to + 24°). Two children had not 
begun their growth spurt, 3 were approaching 
maximum height velocity, and 5 had passed peak 
height velocity. 

They were managed on a once-daily injection of 
Monotard and Actrapid (Novo), and their mean 
total insulin dose was 41 units/day (range 16-72) or 
0-8 units/kg body weight (range 0- 5-1 PAN 

Dietary management before the trial consisted of a 
low fibre, carbohydrate-restricted diet excluding 
sucrose-containing foods. 

Before the trial the children’s diabetic control had 
varied with a mean glycosylated haemoglobin level 
of 11-4% (range 9-1-16-0)*, 


Diets. Two experimental diets were compared which 
were identical except for the type and structure of the 
carbohydrate food. 


Refined diet 

The refined diet was based on the diet normally 
eaten by the diabetic children, except that liberal 
amounts of carbohydrate were used. Refined 
grains—such as white bread and cereals—supplied 
about two-thirds of the total carbohydrate, and the 
remaining one-third came from processed fruits and 
vegetables, milk and yoghurt. Sucrose-containing 
foods were excluded. The diet supplied | g of dietary 
fibre for every 100 calories, which is representative of 
the average British diet.!4 


Unrefined diet 

The unrefined diet supplied about half its carbo- 
hydrate as whole grains (wholemeal bread and 
cereals) and about half from fresh fruit and vegetables 
including dried beans. This diet supplied 3 g of 
dietary fibre for every 100 calories. 

On both diets 55% of energy was prescribed as 
carbohydrate, with a constant ratio of simple to 
complex sugars of 2:3; 30°% of energy was prescribed 
as fat with a ratio of saturated to total mono- and 


*See section on laboratory methods. 


polyunsaturated fats of 1:1: 15% of energy was 
prescribed as protein, and at least 40°% of this was 
animal protein. One pint of milk was prescribed 
daily on each diet. 

Diets were calculated individually for each child 
on the basis of his average caloric intake estimated 
from a 4-day weighed food intake carried out at 
home. Dietary intake was calculated using data from 
current British food tables.!® Recipe books and 
individual meal plans were devised for each diet, and 
families were taught how to use them at home by the 
research dietician (RMA). Most families had not 
cooked with dried legumes or wholemeal flour before 
and required advice on preparation. 


Protocol. Each diet was eaten by all children in 
random order. Diet order was alternated so that the 
first child began with the unrefined and the second 
with the refined diet and so on, until 5 children had 
eaten both diets in each order. Each diet was eaten 
for 6 weeks while the child lived his normal life at 
home. Packed lunches were taken to school. 

During each 6-week period 24-hour diet histories 
were taken to assess the degree of compliance. 
Children did not have to continue eating foods they 
disliked. 

The dietician (RMA) and doctor (ALK) spoke to 
each family by telephone at least once a week to give 
encouragement and advice. Every fortnight the 
doctor visited each child’s home to take blood for 
glycosylated haemoglobin level and to assess 
progress. Hypoglycaemic episodes were recorded at 
this visit. These were defined as mild (shaky feeling 
before meals), moderate (sweating, dizziness, or 
blurred vision responding to a biscuit or meal 
within 10 minutes), or severe (reduction in conscious 
level requiring the assistance of a second person). 
During each dietary period the concentration of 
urinary glucose was estimated by the children 3-times 
daily before main meals using the 2-drop Clinitest 
method'® (Ames), and regular capillary blood 
glucose measurements were made each fortnight by 
the family using the Ames/Eyetone system. 

During the first 2 weeks of the project the children 
were weaned on to the diets over 4-10 days and 
insulin and dietary distribution were altered to try to 
achieve negative glycosuria, preprandial capillary 
blood glucose levels of 3-7.5 mmol/l, and |-hour 
postprandial levels of 10 mmol/l or less. On the 
second diet insulin dose was altered only in response 
to persistent glycosuria (all Clinitest results ~ | “%) OF 
hypoglycaemia (symptomatic, or preprandial or 
nocturnal capillary blood glucose <2-5 mmol/l). 

During the final month of each diet, the control 
achieved under normal living conditions was assessed 
from the regular urinary glucose measurements and a 
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series of capillary blood glucose measurements. 
Childrea were asked to record blood glucose levels 
before and one hour after main meals, before bed, 
and at 0300 hours on different days. On average, 
children performed two tests every other day 
throughout the final month on each diet. However 
each child performed a different number of tests, and 
the statistical analysis was based on a minimum 
series decided in advance. This consisted of tests 
bracketing the three main meals, each bracket being 
performed twice in the month. 

After 6 weeks on each diet, control achieved was 
assessed under standard conditions at home during 
24-hour ‘profile days’. On these days unrefined or 
refined menus were prescribed for each child 
(Table 1) and care was taken to match the energy, 
carbohydrate, fat, and protein content meal for meal, 
especially during the morning (Table 2). Beans were 
eaten at breakfast and at the 1800-hour meal on the 
profile day of the unrefined diet. Exercise on profile 
days consisted of walks during the mornings and 
activisies —such as shopping and walking, or playing 


Table 1 
11-yecr-old boy. Energy 1800 kcals, 55% as carbohydrate 


table games—for the rest of the day. These activities 
were duplicated on the second profile day. 

During the morning of the profile days the blood 
glucose and plasma c-peptide response to breekfast 
was measured using an indwelling venous cann la as 
previously described.'* Blood was sampled 11 times 
during the morning from 45 minutes before breakfast 
to 240 minutes afterwards when the cannula was 
removed (Fig. 1). Insulin was given 30 minutes before 
breakfast into a standard site in the thigh, and a 
snack was eaten at 150 minutes after breakfast 

During the second part of the profile children 
measured capillary blood glucose before and one 
hour after the beginning of the midday amd the 
1800-hour meal, at bedtime, at 0300 hours, and the 
next morning (Fig. 2). Throughout the 24 hours 
the urine volume passed at each voiding was 
measured by each child, and aliquots were ccllected 
for laboratory estimation of urinary glucose. 

At the end of each 6-week period families recorded 
their reactions to the two diets on a questionnaire. 
When the trial ended families were encouraged to 


Example of menus eaten on profile days on the unrefined and refined diets: these menus were chosen ey an 
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Meal Unrefined diet Refined diet 
_ ee ee 
Weight Food Weight Food 
(g) (g) 
Breakfast 60 Baked beans (home made) 25 Cornflakes 
25 Wholemeal toast 210 Milk 
210 Milk 
Morn rg break 23 Digestive biscuit 30 Semi-sweet biscuits 
170 Unpeeled apple 120 Peeled apple 
Midday meal 20 Edam cheese 20 Edam cheese 
10 Lettuce 10 Lettuce 
60 Tomato 60 Tomato 
45 Celery 80 White bread 
100 Wholemea! bread 12 Butter 
10 Butter 100 Orange juice (unsweetened) 
85 Unpeeled apple 55 Fruit yoghurt 
120 Orange 
Mideftermoon break 75 Wholemeal bread 105 Milk 
12 Butter 30 White bread 
Bovril 5 Butter 
85 Unpeeled apple Bovril 
15 Semi-sweet biscuit 
100 Orange juice (unsweetened) 
Evening meal 55 Ham J9 Ham 
60 Cooked (dried) beans 60 Runner beans 
g0 Cabbage 40 Mushrooms 
150 Boiled (unpeeled) potatoes 100 Boiled (peeled) potatoes 
5 Butter 10 Butter 
25 Wholemeal bread 40 White bread 
160 Stewed blackberries 120 Orange 
120 Stewed apple 
Bedtime snack 210 Milk 210 Milk 
15 Weetabix 25 Cornflakes 
5 Banana 15 Semi-sweet biscuit 
7 Digestive biscuit 


3 Butter 
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Table 2. Distribution of energy between protein, fat, carbohydrate, and quantity of dietary fibre at each meal on the 


unrefined and refined diets for the menus shown in Table | 

















Meal and diet Energy Protein Fat Carbohydrate Sugars Dietary 
(kcal) (g) (g) (g) fibre 
Simple (g) Complex (g) (2) 
el aa a Se ge in a 
Breakfast 
Unrefined 247 13-0 8-9 30-3 10-9 19-4 6-5 
Refined 229 9.1 8-3 31-2 11-8 19-4 1-1 
Morning break 
Unrefined 186 2-9 4.7 35-4 24-4 11-0 6-1 
Refined 193 2-4 5-0 36-7 20-8 15-9 3-0 
Midday meal 
Unrefined 444 16-1 15-6 63-9 24-0 39-9 15-2 
Refined 439 14-9 16-9 60-8.. 22-4 38-4 3-3 
Afternoon break 
Unrefined 294 6-9 12-1 41-6 11-6 9 8-7 
Refined 290 7-4 11-1 40-5 ig3 22-3 1-1 
Evening meal 
Unrefined 383 21-2 8-8 60-6 12-2 48-4 14-6 
Refined 401 19-8 11-9 60-6 21- 38-7 9.1 
Bedtime snack 
Unrefined 302 10-3 12-0 39.9 24.1 15-8 5-0 
Refined 298 10-1 10-8 42.4 15-1 27-3 1-4 
Totals 
Unrefined 1856 70-4 62.1 271-7 107-3 164-4 1 
Refined 1850 63-7 64-0 272-2 110-3 162-0 I 
Total energy (°%) 
Unrefined 100 15 30 55 22 33 
Refined 100 14 31 55 22 33 
20 . . 
* 4 continue to eat unrefined foods. Six months later the 
18 e@—e Unretined diet : i ‘ f 
— 16+ A-< Retined diet I ie ig children’s diets were assessed by 24-hour dietary 
3 14 * recall and compared with their diets before the trial. 
Ë n 4 
u 10 Laboratory methods 
S O 
e) . . 
© 6 The fasting blood samples taken each fortnight were 
O ; è 
ie placed into EDTA tubes (0-5-1-0 ml) and stored at 
me room temperature for 24 hours before estimation of 
P O0 3 8D HQ 12W 150 180 20 20 total glycosylated haemoglobin using a small 
, Pe OEE oe oer column ion exchange method.!8 The normal range 
Iasulen > 
i , ina ki for glycosylated haemoglobin in our laboratory was 
Fig. 1 Mean blood glucose levels in 10 diabetic children SCOSI 8 ry 


on profile mornings. Breakfast eaten at 0 minutes and 
snack at 150 minutes. Bars show SE. 

* Significant difference between mean values at 

90 minutes P<0-05, and at 120 minutes and later 
P<=0-0]1. 


20 * @—® Unretined diet 
18 ĉr -A Refined diet 





Insulin Time 
injection 


Fig. 2. Mean blood glucose levels in 10 diabetic children 
on profile days. Bars show SE. 

* Significant differences between mean values at 0930, 
1230 hours, P<0-05; and at 1900 hours, P<0-01. 


‘ hours) 


6-3 to 10-2% (mean 7:8%), based on estimations 
from 38 normal children aged 4-18 years (mean age 
13-6). 

Each 4 ml venous blood sample on profile days 
was handled as previously described.!? Blood 
glucose was estimated using a hexokinase method!” 
and c-peptide by charcoal separation radioimmuno- 
assay” after polyethylene glycol extraction?! (anti- 
body and tracer supplied by Novo, detection limit 
0-02 nmol/l). Urine glucose was estimated by a 
glucose oxidase method (YSI glucose analyser). 


Statistical analyses 


Differences between data pairs were tested for 
significance by Wilcoxon’s rank sum test, except 
where shown in the tables. The M-value22 was 
calculated using a reference value of 5-5 mmol/l 
which weights a blood glucose concentration of 
3 mmol/l and 10 mmol/l as equally unsatisfactory. 
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Results 


Control on profile days. The mean blood glucose 
levels (— SE) for the 10 children on both diets 
during the profile mornings are shown in Fig. 1. All 
blood glucese levels were lower on the unrefined diet. 
Mean prebreakfast levels were 5-6 mmol/l (SE 0-9) 
on the unrefined diet compared with 7-5 mmol/l 
(SE 1-7) on the refined one. Differences between 
blood glucose levels on the two diets increased 
during the morning to reach 5:2 mmol/l at 90 
minutes and 6-5 mmol/l at 240 minutes after 
breakfast. Both the mean morning blood glucose 
level for each child and the area under the glucose 
curve weresignificantly smaller on the unrefined diet 
(Table 3). 

The mean blood glucose levels for the rest of the 
profile day are shown in Fig. 2. This is made up from 
the morning profile and the capillary blood glucose 
levels from lunchtime. Blood glucose levels con- 
tinued lower on the unrefined diet throughout the 
day and the difference between the unrefined and the 
refined diet reached statistical significance one hour 
after wea when the mean blood glucose level was 
4-1 mmol/l lower on the unrefined diet. 

Further analyses of the blood glucose levels 
during the day are shown in Table 3. Mean pre- 
prandial blood glucose levels (mean of values before 
breakfast, midday, and 1800-hour meal), and mean 


postprandial levels (mean of values one hour after 
3 main meals) were significantly lower on the 
unrefined diet. The mean postprandial increment 
(mean of one hour increment across 3 main meals) 
was similar on both diets, but the mean 1-hour 
increment after breakfast was significantly lower on 
the unrefined (5 mmol/l) than the refined diet 
(7-8 mmol/l), P<0-05. 

The mean 24-hour blood glucose levels, the mean 
24-hour urinary glucose loss, and the M-valwe for 
each child were all significantly lower or the 
unrefined diet. 


C-peptide results 

Five children were classified as c-peptide producers 
on the basis of a 90-minute postbreakfast increment 
in c-peptide greater than 0-03 nmol/l. Their mean 
C-peptide increment was 0-25 nmol/l range 
0-04-0- 64). 


Control over the 6 weeks on each diet. The tota mean 
capillary blood glucose levels taken at all sampling 
times during the final month of both diets areshown 
in Fig. 3. All blood glucose levels were lower-on the 
unrefined diet. Analysis of the blood glucose pairs 
bracketing meals showed that the mean preprandial 
blood glucose levels and the mean postprandial blood 
glucose levels were significantly lower on the 
unrefined diet (Table 4). The l-hour postprandial 
increments were similar on both diets. 


Table 3. Measurement of blood glucose control on profile days on each diet 


L 





Morning biood glucose (mmol/1) 
Mean and range 
SE 
Area under morning curve U/R%: 
Mean and range 
SE 
Preprandial blood glucose* (mmol/l) (n = 30) 
Mean 
SE 
Postprandial blood glucoset (mmol/l) (n = 30) 
Mean 
SE 
Postprandial blood glucoset increment (mmol/l) (n = 30) 
Mean 
SE 
24-hour błood glucose (mmol/l) 
Mean end range 
SE 
24-heur urine glucose (g/24 h) 
Mean and range 
SE 
M-value 
Mean=ind range 
SE 


Conversion: SI to traditional units—glucose: 1 mmol/l ~ 18 mg/100 ml. 


*Mean o" values before breakfast, midday, and the 1800-hour meals. 
tMean of values 1 hour after 3 main meals. 

{Mean ef one hour increment across 3 main meals. 

§Analysis of variance.23 

U = unrefined, R = refined. 


Unrefined Refined P value 
7-4 (4-4-13-0) 11-9 (2-5-16-8) <-01 
0-8 1-4 

62-0 (20-170) 100-0 <».01 
14. 

5.5 8-4 <3-01§ 
0-3 0-3 

8-5 12-2 <)-001§ 
0-3 0-3 

3-0 3-8 NS § 
0-5 0-5 

6-9 (3-7-8-8) 9-0 (3-0-16-3) < 0-01 
0-5 1-1 

9-3 (0-3—28-8) 38-0 (0-3—152-0) --0-01 
1-2 14-7 

28 (14-56) S5 (24-117) 0-01 
5 8 
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@—® Urretined diet 


&--A Refined diet 





Fig. 3 Mean blood glucose levels in 10 diabetic children 
for all sampling times over final month of the unrefined 
(n = 353) and refined (n = 343) diets. The 0300-hour 
points relate to 5 children only. 

Mean at each sampling time: unrefined diet 44 (SD 28); 
refined diet 43 (SD 25). 


The proportion of preprandial urinary glucose 
tests that were negative during the final month of 
each diet is shown in Table 4. Significantly more tests 
were negative on the unrefined diet. 

The changes in glycosylated haemoglobin during 
each period of 6 weeks is shown in Table 4. Gly- 
cosylated haemoglobin levels tended to fall during 
the unrefined diet and rise during the refined diet, but 
these differences were not Statistically significant. 


Hypoglycaemia 

A mean of 5 hypoglycaemic episodes per child 
(range 0-12) were reported on the unrefined diet and 
a mean of 3 (range 0-8) on the refined diet. The 
difference was not statistically significant. On both 
diets half the episodes were rated as mild and half as 
moderate in severity. One severe episode occurred on 
each diet. On the refined diet this followed a missed 
snack and unexpected exercise, and on the refined 
diet it occurred before the midday meal. 


Insulin dose 

The mean daily insulin dose on the unrefined diet was 
39 units (SE 6) and on the refined diet 42 units 
(SE 6). Four children did not alter their dose between 
diets. Changes in dose of more than 2 units were 
confined to 3 of the c-peptide producers who required 
6, 8, and 12 units less insulin on the unrefined diet. 
Their mean daily insulin dose on the unrefined diet 
was 25 units (SE 2), and on the refined diet 34 units 
(SE 3). 


Growth 

The 10 children grew by a mean of 0-8 cm (SE 0-3) 
during the 3-month trial and showed a mean weight 
increase of 0-4 kg (SE 0-32). Mean weight increased 
during both 6-week periods: by 0-1 kg (SE 0-5) on 
the unrefined and by 0-3 kg (SE 0-6) on the refined 
diet. 


Diet acceptability 

Mild flatulence was experienced by all children 
during the first week of the unrefined diet, and 3 
children experienced transient loose stools during 
this week. Four children preferred the unrefined diet, 
4 preferred the refined diet, and 2 liked neither. After 
the first week, 8 of the children could eat the amount 
of food prescribed on the unrefined diet. but 2 
sometimes left some green vegetables. All members 
of 7 families ate the trial foods with their children, 
but 3 fathers did not like beans. 

Most children found the restricted amounts of 
meat and cheese on the diets unacceptable for longer 
than 3 months, and after the trial the proportion of 
energy eaten as carbohydrate was reduced slightly to 
allow more animal protein to be eaten. 

The mean dietary intakes of the 10 children 6 
months after the trial are compared with their pretrial 
diets in Table 5. The children had significantly 


Table 4 Measurements of blood glucose control during 6 weeks of each diet 








Preprandial blood glucose* during final month (mmol/l) (n = 60) 
Mean 
SE 
Postprandial blood glucoset during final month (mmol/l) (n = 60) 
Mean 
SE 
Negative preprandial urinary glucose tests during final month, 
% of total (total U = 739, R = 721) 
Mean 
SE 
Change in glycosylated haemoglobin during 6 weeks (°% HbA,) 
Mean 
SE 
TARARE 
*Mean of values before breakfast, midday, and the 1800-hour meals. 
tMean of values 1 hour after 3 main meals. 
§Analysis of variance. 
€ Allowing for differences between children. 
U =unrefined, R =refined. 











Unrefined Refined P value 
5-8 8-1 0-001 § 
0-4 0-4 
8-3 10-7 <0-O0018§ 
0-4 0-4 
4-8 54-0 <0-001¢4 
10 9.5 

—0-76 +0-18 NS 
0-35 0-40 
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Table 5 Effect of diet on proportions of protein, fat, carbohydrate, and dietary fibre eaten by participants 

















Energy Percentage of total energy Dietary fibre 
(kcal) g/100 calories 
Protein Fat Carbohydrate 
Before the trial 
Mean (SE) 2158 (126) tS (1) 44 (1) 41 (2) 0-9 (0-1) 
Six months after trial 
Mean (SE) 2009 (156) 18 (1) 37 (2) 45 (2) 1-8 (0-2) 
P <0-01 <0-01 0-05 <0-02 





increased the proportion of dietary fibre, carbo- 
hydrate, and protein in their diets and had reduced 
the amount of fat. 


Discussion 


Our results show that attention to the type and 
structure ef carbohydrate in the diet can appreciably 
improve the glycaemic control of diabetic children 
under normal living conditions. 

Glyeaemic control measured during 24 hours at 
home was significantly improved after eating a 
whole-food high-fibre diet for 6 weeks. Moreover, 
simila- results were found on analysis of the blood 
glucose measurements made during the final month 
of each dietary period. These measurements were 
made on normal school days or at weekends, and 
suggest that incorporation of high-fibre whole foods 
in the diet makes a practical contribution to im- 
proving the glycaemic control of diabetic children. 

The blood glucose results are supported by the 
urinary glucose results taken both on profile days and 
under nermal living conditions. Significant changes 
in glycosylated haemoglobin were not seen however, 
perhaps because 4-6 weeks of improved control was 
too short a time interval. 

‘Compliance’ may have been best on profile days, 
resulting in greater measured differences in blood 
glucose, but ‘practical compliance’ on other days 
was sufficient to result in significantly lower blood 
glucose levels throughout the final month of the 
unreaned diet. At the end of th> trial all children 
elected to reduce slightly the proportion of dietary 
energy eaten as carbohydrate mainly in order to eat 
more meat. However, 6 months later they were still 
eating significantly more carbohydrate and protein 
and less fat than before the trial and had almost 
doubled their dietary fibre intake. Whether this 
dietary change is sufficient to make a practical 
contribution to glycaemic control remains to be 
established. 

Cur hypothesis was that the use of whole foods 
high in dietary fibre would retard carbohydrate 
absorption, and so match more closely the absorp- 
tion of the injected insulin than could the traditional 
diet based on refined carbohydrate. This should have 


produced a flattening of the blood glucose profile 
during the day. This was not observed. Preprandial 
as well as postprandial blood glucose levels were 
reduced on the unrefined diet and the postprandial 
increment was similar on both diets except after 
breakfast. 

These results suggest that reduction in the adsorp- 
tion rate of carbohydrate cannot be the only mech- 
anism for the improved blood glucose control seen 
on the unrefined diet. 

Similar results have also been reported among 
insulin-dependent adults fed a high-fibre diet.* In the 
adult trial substantially higher amounts of dietary 
fibre were used and the proportions of carboFydrate 
and fat and the source of carbohydrate, fat, and 
protein foods in the diet were altered. Our results 
suggest that the general downward shift in blood 
glucose baseline can be achieved by alterng the 
structure and type of carbohydrate alone, and by 
increasing the dietary fibre 2- or 3-fold, rather than 
5-fold as in the adult study. 

In our study a reduction in insulin dosage ef up to 
12 units was required in 3 of the 5 children with 
residual 8-cell activity to prevent hypoglycaemia on 
the unrefined diet. Reduction in insulin dosage in 
adult diabetics on high-fibre diets has been pr2viously 
reported when the daily insulin dose was smaller 
than 30 units, but not when its was greater.’ This 
suggests that the improvement in blood glucose 
control associated with high-fibre whole food diets 
may be augmented by a recovery in 8-cell fumction in 
patients with 6-cell reserve. 

There is no evidence that significant malabsorp- 
tion occurred during the unrefined dict, since 
children continued to grow in height and weight 
throughout the trial and their mean weight gain at 
the end of each dietary period was very simi ar. 

These results indicate that rational and aeceptable 
dietary prescription can contribute to improvement 
of blood glucose control in diabetic children managed 
on a standard insulin regimen. They strongly 
suggest that the current system of carbohydrate 
exchanges based only on absolute carbohydrate 
content of foods with avoidance of sugar is in- 
adequate. Since the physical architecture of the 
whole meal is likely to affect the glycaemic response 
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on any diet, perhaps more emphasis in dietary 
prescription should be on the choice of carbo- 
hydrate food types, rather than simply on weighing 
out exchanges which may have little physiological 
meaning. 


We thank Mr A Scott for help with statistics and 
Dr K McPherson for help with design. 
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Impact of home blood glucose monitoring on 
childhood diabetes 


J H BAUMER, A D EDELSTEN, B C HOWLETT, CAROLINE OWENS, C A PENNOCK, 
AND DC L SAVAGE 


Departmeut of Child Health, Bristol University 


SUMMARY Ninety diabetic children each provided at least one 24-hour blood glucose profile at 
home using an impregnated filter paper strip. The mean 24-hour blood glucose level correlated 
significantly with urine control, height velocity, and Hb Aj. The correlation coefficient for individual 
blood glucose values (r = 0°61) and for mean 24-hour blood glucose values (r = 0-73) repeated 
within 14 days showed an acceptable degree of reproducibility for the blood glucose profiles. Mean 
24-hour blood glucose values fell significantly overall (11-4 to 9-8 mmol/l; 205 to 176 mg/190 ml) 
in 47 children who had repeated profiles more than 2 weeks apart. Unrecognised nocturnal hypo- 
glycaemia (<3-0 mmol/l; 54 mg/100 m!) was found in 19% of children on twice-daily Semitard 
insulin. The study shows that children over age 7 years manage home blood glucose monitoring 
withcut difficulty. It shows that the results are reproducible and correlate with other indices of 


control. and that it provides a practical basis for the improvement of diabetic control. 


Conventional methods of assessing diabetic control 
are notoriously misleading.' Glycosylated haemo- 
globin (Hb A,) measurement however appears to 
give a good assessment of medium-term diabetic 
control,* but provides no information on the times 
of day when blood glucose is abnormally high or 
low; it thus offers no practical help in improving 
control. The recent introduction of reflectance 
meters and reagent strips has enabled patients to 
mon tor their blood glucose levels, and although this 
has resulted in improved diabetic control in adults,? 4 
the value of home blood-glucose monitoring in 
children remains unknown. We have therefore, 
investigated 24-hour blood glucose profiles using 
capillary blood samples obtained by children at 
home and collected on strips of filter paper. We have 
examined the correlation between these blood glu- 
cose profiles and other measurements of diabetic 
control, the reproducibility of the results, and the 
impact of blood glucose profiles on diabetic control. 


Method 


The clinic comprises 159 diabetic children and 
adolescents. Ninety-six (67%) of the 144 children 
aged ower 7 years have each provided at least one 
blood glucose profile during the last year. The 
children were asked to impregnate filter paper 
(Whatman No 4619 saturated with 5% boric acid 


and then dried) with capillary blood obtained by 
fingerprick using either an Autolet (Owen Mumford) 
or a Monolet (Sherwood Medical). The samples 
were obtained on a day (generally at a weekend) 
with less than 2°% glycosuria on the mornirg urine 
specimen at the following times: immediately before 
and 2 hours after breakfast, lunch and tea, at the 
child’s bedtime, and at 0300 hours. Only days on 
which at least five of the eight samples contained 
adequate amounts of blood for analysis were used 
for assessment. Few children refused to take part. 
Six children who provided inadequate amounts of 
blood were excluded, leaving 90 children for analysis. 
Two hundred and sixty-four (17°%) of 1509 blood 
samples provided by these 90 children were too small 
for reliable analysis. Throughout the period of study 
the great majority were on Monocomponent 
(Novo) insulins. Seventy-six (84 °%) of the 90 children 
were on twice daily insulin injections at the time of 
the first blood profile. The dried filter papers were 
marked with the patient’s name and the date and 
times of sampling, and posted to the laboratory. 
Blood glucose level was measured by a glucose 
oxidase method on an eluate of each spot taken from 
a punched disc 6 mm in diameter as described by 
Wakelin et al., except that sulphonated 2-4- 
dichlorophenol was used as redox indicator. All 
blood samples were processed within 2 weeks of 
being obtained, although blood glucose estimates 
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remain reliable for up to 5 weeks (unpublished data). 
The cost of each capillary blood glucose estimation 
is about 11p, 10p of which is the cost of technician 
time. 

Glycosylated haemoglobin (Hb A,) was measured 
by the manual colorimetric method described by 
Flückiger er al. The mean of the eight blood glucose 
values during the 24-hour period, the ‘M’ value as 
described by Schlichtkrull er a/.,9 and the mean of 
the four fasting specimens (before breakfast, lunch, 
and tea, and at 0300 hours) were calculated. These 
values were compared with standard twice daily 
home 5-drop urine Clinitest results during the pre- 
ceding 3 months, the height velocity! during the 
previous year (children with height velocity on or 
below the 3rd centile were compared with children 
whose height velocity was above the 3rd centile), 
and the Hb Aj, provided this had been done within 
2 months of the blood glucose estimations. Diabetic 
control as assessed by urine Clinitest results was 
considered to be good if at least half the tests were 
negative and fewer than 20% contained 2% glyco- 
suria; otherwise control was considered to be poor. 

The reproducibility of the 24-hour blood glucose 
profile was assessed in children in whom profiles 
were repeated within 14 days with no change in 
treatment. Blood samples obtained at the same time 
of day to within 30 minutes were compared, and a 
correlation coefficient (r) obtained. The mean 24- 
hour blood glucose values on the 2 days were 
similarly compared. 

In children who had had blood glucose profiles 
repeated more than 2 weeks apart, the first profile 
was compared with the last to see if there had been 
an improvement in the mean blood glucose level 
with alterations in treatment. 


Results 


The blood glucose profiles on the 90 children are 
shown in Fig. 1. The blood glucose levels after 
breakfast were the highest overall, while those at 


Table Correlations of mean blood glucose levels in 
90 children according to urine control and height 
velocity 


———_—_—AĦJAÏĪJİãĪJVMÏĦĈSďÏďďďűČİİÏÏÏČĆČĦNLS 


Mean 24-hour No of 
blood glucose children 





(mmol/1) 
Urine control good 9.3 24 
Urine control poor 11-6* 66 
Height velocity > 3rd centile 10-1 52 
Height velocity < 3rd centile 12- [1% 38 


sess 


*P<0:02 lar ! 
**P<0-03 f Mann Whitney U-test 


Conversion: SI to traditional units—| mmol/I œ 18 mg/100 ml. 
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Fig. 1 Mean and range of blood glucose levels during 
24 hours in 90 children. 
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Fig. 2 Relationship between Hb A, and mean blood 
glucose concentration in 44 children. 


0300 hours were the lowest. The mean 24-hour blood 
glucose value for each chiid was significantly corre- 
lated to urine control and height velocity (Table). 
However, there was a wide scatter of results. There 
was a significant correlation between mean blood 
glucose level and Hb A, values (Fig. 2, r=0.40, 
P<0-004). ‘M’ values correlated no better than 
mean blood glucose values with urine control, 
height velocity, and Hb A,. There was no significant 
correlation between the mean of all the fasting or 
the initial prebreakfast blood glucose values and 
urine control, height velocity, or Hb A, values. 
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First blood glucose ( mmol/|) 


Second blood glucose (mmol/l ) 


Fig. 2 Reproducibility of individual blood glucose 
values at similar times within 14 days. 
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Fig 4 Reproducibility of mean 24-hour blood glucose 
values repeated within 14 days. 


Fig. 3 shows the reproducibility of 180 pairs of 
individual blood glucose values on different days 
within 2 weeks (r =0-61, P=0-00001). Fasting blood 
glucose pairs were not significantly better correlated 
than postprandial blood glucose pairs. For the 31 
children in whom blood glucose profiles were re- 
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Fig. 5 Effect of change in treatment on mean 24-hour 


blood glucose values (improvement significant P<9-05, 
Wilcoxon’s matched pairs rank test). 


peated within 14 days, the two mean blood glucose 
values correlated closely (Fig. 4, r=0:73, P= 
0-00001). 

Forty-seven children had repeated 24-hour blood 
glucose profiles more than 14 days apart. The average 
time interval between profiles was 35 morths. We 
compared the first and last mean blood glucose 
values to see if alterations in treatment had appre- 
ciably improved control. There was an average 
reduction of 14-5% in mean blood glucose (from 
11-4 to 9-8 mmol/l; 205 to 176 mg/100 ml); this 
was significant using Wilcoxon’s matched pairs 
rank test (P<0-05). With the children div.ded into 
groups according to their initial mean blood glucose 
level (Fig. 5), improvement had taken place mainly 
in children with mean blood glucose values between 
10 and 15 mmol/l (180 and 270 mg/100 mI} Control 
in nearly three times as many children improved as 
worsened. 

We compared the 0300 hour and first morning 
(0700-0900 hours) blood glucose levels o7 children 
on twice daily Actrapid and Semitard insulin with 
those on twice daily Actrapid and Monotard insulin. 
There was no significant difference in mean blood 
glucose (11-7 and 12-8 mmol/l (211 and 230 mg/100 
ml) respectively) on the first morning specimen. 
However, the mean 0300 hour blood glucose of 
children on Semitard insulin was significantly lower 
than on Monotard insulin (7-5 and 9-6 mmol/l 
(135 and 173 mg/100 ml) respectively P<0-05 
Mann-Whitney U test); 15 (19%) of 78 blood glucose 
values at 0300 hours of children on evening Semitard 
insulin were 3-0 mmol/l (54 mg/100 ml) or below, 
compared with 4 (10%) of 40 blood glucose values 
of children on Monotard insulin. This nocturnal 
hypoglycaemia had not been recognised by any of 
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the children or parents. The mean percentage rise 
in blood glucose between 0300 hours and the morn- 
ing was greater in children on Semitard than in those 
on Monotard insulin (+119°% and + 55% respec- 
tively, P<0-005 Student’s 7 test). 


Discussion 


We found that home-based 24-hour blood glucose 
profiles could be used without difficulty by most 
diabetic children over age 7 years. Very few children 
expected or found the tests unpleasant, and many 
said they were less tedious than repeated urine 
testing. Inadequate amounts of blood were obtained 
more often than in adult diabetics using the same 
technique.” 4 but sampling improved with practice. 
In assessing the value of this technique, information 
is needed on the reproducibility of the results, their 
correlation with other techniques of monitoring, 
and whether improvement in diabetic control can 
be achieved. 

We have shown that though there may be appre- 
ciable variations between paired capillary blood 
glucose levels taken on different days, the pattern of 
the blood glucose profile is sufficiently reproducible 
to give practical information on which to base 
changes in treatment. The eight blood glucose values 
give a reasonably dynamic representation of the blood 
glucose profile during the 24-hour period. In contrast 
the conventional standard twice daily urine tests, 
taken at times of relative fasting, give a brief and 
unrepresentative picture of the daily level of gly- 
caemia. It is therefore of interest that our data show 
that it is only when postprandial blood glucose levels 
are included that the mean blood glucose correlates 
with other indices of control. In particular there is 
a highly significant correlation with Hb A, which, 
as we showed previously,"' correlates with height 
velocity and urine glucose estimates. 

In an uncontrolled study it is difficult to be sure 
that the improvement in mean blood glucose is due 
to any single factor. No fundamental change 
occurred in the clinic during this period. The clinic 
continued to be managed by a consultant paediatric 
endocrinologist with a senior registrar and clinical 
assistant; the philosophy of continuing education to 
improve control has persisted throughout. The 
frequency of clinic visits remained unchanged, 
although sometimes there was correspondence 
between visits. 

The 24-hour profiles have undoubtedly helped to 
improve control in a number of children. Six children 
with apparently good control on urine testing had 
mean blood glucose values >12 mmol/l (>216 
mg/100 ml); some of them subsequently admitted 
faking their urine tests, and their control improved 


with suitable discussion and adjustments to diet and 
insulin dosage. Two-thirds of all the children had 
periods of hyperglycaemia (> 10 mmol/l; >180 
mg/100 ml) during the day or night interspersed with 
normal (<8 mmol/l; <144 mg/100 ml) blood glu- 
cose levels; adjustments to the dose of individual 
short- or long-acting insulins in many cases improved 
control. We confirmed the presence of nocturnal 
hypoglycaemia with hyperglycaemia before break- 
fast on twice daily Semitard insulin.!2 13 The fasting 
morning hyperglycaemia is probably secondary to a 
morning insulin deficiency.'4 Many of these children 
have periods of 16 hours or longer between the after- 
noon and morning injections of Semitard insulin, 
the effect of which is waning rapidly after about 12 
hours. Increasing the dose of evening Semitard 
insulin will often accentuate nocturnal hypo- 
glycaemia without altering early morning hyper- 
glycaemia, while conversion to the longer acting 
Monotard insulin improves control. 

There is currently a choice between reflectance 
meters, reagent strips, and impregnated filter paper 
strips for home blood glucose monitoring. Reflect- 
ance meters are too expensive to supply routinely. 
Haemoglukotest reagent strips (Boehringer Mann- 
heim) are believed to be reliable in adults,!° 16 and 
although Ferguson and Prosser!” found them to be 
reliable in 5 children, our experience is that some 
children find the haemoglukotest strips difficult to 
interpret. Therefore we check each child’s ability to 
read the reagent strips correctly using simul- 
taneous filter strip assessment before reagent strips 
are used routinely.!8 

In many cases adjustments to control by the child 
or parent can be more effective after discussion with 
the paediatrician. Sometimes this is because of wide 
variations in the blood glucose levels from day to 
day, and in a few lack of knowledge and care make 
them incapable of acting appropriately upon their 
blood glucose results. Laboratory analysis of 
impregnated filter paper strips ensures that parents 
do not insist on blood glucose measurements too 
frequently, and is fairly immune to attempts at 
deception (although one teenager attempted to 
augment her blood sample on the filter paper with 
red ink). However, in selected families, haemo- 
glukotest reagent strips are undoubtedly useful. 

The use of impregnated filter paper strips for home 
blood glucose monitoring has been examined pre- 
viously in adults.!® This is the first report of its use 
in children. We are enthusiastic about its potential. 
The technique is very suitable for semiautomated 
processing either on an autoanalyser2° or a Beckman 
glucose analyser 2. The total cost of the manual 
method of analysis is comparable with that of the 
haemoglukotest reagent strips (12p each) and 
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dextrestix strips (l0p each). A semiautomated 
methoc might be considerably cheaper. Its cheapness 
and simplicity means that all diabetic clinics should 
be able to add it to their methods for assessment of 
control. 

Our results clearly demonstrate that in compliant 
families home blood glucose monitoring significantly 
improves diabetic control. In the expectation that 
their long-term complications will be reduced, we 
believe that all children with diabetes should have 
the benetit of home blood glucose monitoring. 


C O was supported by a grant from Novo Labora- 
tories Limited, Basingstoke. 
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Premature thelarche: a possible adrenal disorder 


MIRO DUMIC, MELITA TAJIC, DUSKO MARDESIC, AND ZRNKA KALAFATIC 
Paediatric Clinic, Medical Faculty, University of Zagreb, Yugoslavia 


SUMMARY Endocrine studies in girls with precocious thelarche were compared with those of normal 
girls of similar ages. Girls with precocious thelarche showed breast development and oesirogenised 
vaginal smears as the only signs of precocious sexual development. A few of the girls were tall and 
some had advanced bone ages but these two findings were not consistently present in ths same 
patient. Hormones—such as serum oestradiol, oestrone, A4androstenedione, progesterone, 
dehydroepiandrosterone (DHEA), follicle-stimulating hormone, luteinising hormone, and prolactin, 
and urinary 17-ketosteroids—were measured. Only DHEA was different, being higher in girls with 
precocious thelarche. It is suggested that the high DHEA level may serve as a precursor for 
conversion to oestrogens m the target tissues, breast, and vagina. This mechanism for oestrogenisa- 


tion has been reported in other patients. 


Premature thelarche is the term that Wilkins applied 
to describe precocious breast development in young 
girls who do not manifest any other sign of pubertal 
development. Although premature thelarche is 
common in young girls, there have been few recent 
reports of the disorder.* The aetiology is unclear. 
The results of endocrine evaluations in 24 girls are 
presented, and a possible adrenal aetiology is 
suggested. 


Methods 


Levels of prolactin, follicle-stimulating hormone 
(FSH), and luteinising hormone (LH) were assayed, 
using the kits of Biodata (Hypolab, Switzerland), by 
radioimmunoassay methods with double antibody. 
The Biodata hFSH standard was calibrated against 
the first international reference preparation IRP 
69/104 MRC, and the HLH standard against 
the first IRP 68/40 MRC. Both reference prep- 
arations were obtained from the Medical Research 
Council, London. One miili-International Unit of 
the Biodata standard is equivalent to 1 mIU of the 
first IRP, or to 2 mIU of the second IRP. Coefficients 
of variation of plasma duplicate determinations 
were 6-5 and 7%. 

Levels of oestradiol, oestrone, and progesterone 
were determined after extraction directly on dry 
residues. However because of the poor specificity of 
antisera, androstenedione and dehydroepiandro- 
sterone were chromatographed on aluminium oxide 
microcolumn. The column was prepared according 
to Furuyama eft al* Androstenedione was chro- 


matographed as described by Judd and Yen."® 
Radioimmunoassay of all steroids was performed 
with Biolab (Limal, Belgium) kits. Variation 
coefficients of plasma duplicate determinazion of 
oestradiol, oestrone, and progesterone were 9, 7, and 
8 %, and the sensitivity (2 SD of zero determinations) 
4, 7, and 5 pg/tube respectively. Androstenedione 
and dehydroepiandrosterone were assayed with 
variation coefficients 13 and 14%, and sensitivity 8 
and 14 pg/tube. l 

Urinary 17-ketosteroids were measured by a 
modification of the method devised by Callow 
et al 36 

Breast development was estimated according to 
Tanner’s stages of development.” 

Vaginal cytology was interpreted by the method of 
Papanicolaou.!8 


Results 

Patients. The 24 normal girls had each been acmitted 
to the paediatric clinic at the University of Zagreb 
because of an infection from which each had 
recovered. Their ages ranged between 13 months and 
7 years. There was no history of drug ingestion in 
either the mothers or the daughters. The blood 
samples were taken in the course of other routine 
investigations. 

The 24 children with precocious thelarche had 
been referred because of breast development. Their 
ages ranged between 14 months: and 7 years. The 
peak age of onset and presentation was between 1 and 
3 years. Onset in 5 girls was at birth. Family history 
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Table Hormone concentrations in normal girls and girls with precocious thelarche 

















Parameter Normal children Precocious thelarche t test P 
T eaa a A 
n Mean SD SE n Mean SD SE 

A4-and-rostenedione (ng/100 ml) 24 41-79 28-57 5-83 24 42-96 20-35 4-15 —0-160 0-874 
Dehydreepiamdrosterone (ng/100 ml) 24 144-08 98-53 20-11 19 203-47 75-37 17-29 —2-121 0-040 
Progesteronea ng/ml) 22 0-623 0-516 0-110 19 0-485 0-268 0-062 1-023 0-312 
Oestrone (pg ml) 19 37-11 18-10 4-15 24 44-35 22-44 4-58 =1-117 O27 
Oestradiol (pg/ml) 19 20-11 15-18 3-48 24 23-70 17-30 3-53 —0-698 0-489 
Follicle-stimmlating hormone (mIU/ml) 22 4-21 2-93 0-62 24 4-28 2-28 0-43 —0-094 0-926 
Prolactin (ng'ml) 22 22-14 12-43 2-65 22 25-23 12-01 2-56 —0-819 0-417 
Conversion: aditional units to SI— 4 4-androstenedione: 1 ng/100 ml +0-0349 mmol/l; dehydroepiandrosterone: | ng/100 ml 0-0347 nmol/l; 


progesterone: I ng/ml ~3.-18 nmol/l; oestrone: 1 pg/ml +0 -0037 nmol/l; oestradiol: 1 pg/ml ~3-671 pmol/l. 


showed precocious thelarche in three families: in the 
first i: had been present in two siblings, in the second 
in the mether and daughter, and in the third family 
it had been present in the mother, a maternal aunt, 
and the daughter. Neurological examinations, skull 
x-ray films, special views of the sella turcica, and 
electroencephalograms were normal in every patient. 
The diagnosis of premature thelarche in these girls 
was based on isolated breast development in the 
absence of pubic hair. The gonadotrophin levels 
showed that these children were not in puberty. 
Furthermore, follow-up examination of the tallest 
girls showed no development of any other secondary 
sexual characteristic. 


Clinical description. The height was above the 50th 
centile in 14 patients, 6 of whom were on the 90th 
centile or above. Only 2 of these 6 patients had 
significantly advanced bone age (>2 SD above the 
mean using the criteria of Greulich and Pyle). In 4 
patients in whom the height was below the 90th 
centile, bone age was significantly advanced. In one 
child bene age was checked again at 26 months and 
was “ound to be no longer advanced. The tallest girl 
(for her age) was observed 5 and 10 months later and 
had net developed pubic hair. The right breast 
regressed at 10 months. 

The course of breast development was variable. In 
none was there enlargement or elevation of the 
areolae. The breasts varied between Tanner’s stages 
Il and III. In 6 patients, breast development was 
unilateral and only one later developed bilateral 
breast enlargement. Three showed venous engorge- 
meat which later disappeared. In 4 children the 
consistency of the breast was noted to be softer on 
follow-up examination. None had pubic hair or acne. 
The labia majora and minora were prepubertal and 
no masses were shown by rectal examination. The 
uterus was palpable in none. 

With the exception of 4 patients there was an 
increased number of intermediate cells on the 
vaginal smear (>6%), reflecting mild to moderate 
oestrogenisation; in 3 patients, superficial cells were 
present, indicating pronounced oestrogen effect. 


Hormones. Hormones in the normal gels are 
compared with those in the girls with precocious 
thelarche (Table). The mean level of dehydro- 
epiandrosterone (DHEA) was higher in the gris with 
precocious thelarche. The mean level of the other 
hormones was similar in both groups regardless of 
age. In each girl the LH concentration was normal 
and appropriate for her age: in 19 of them the 
concentration was lower than 1-5 mU/ml, and was 
thus below the sensitivity level. Therefcre, LH 
values are omitted from further statistical eveluation. 
The urinary 17-ketosteroids were normal in each girl. 


Discussion 


The aetiology of premature thelarche has been 
variously attributed to increased sensitivity of breast 
tissue to low levels of oestrogens secreted during 
childhood!® 2° or to increased ovarian cestrogen 
secretion.” ** 

To support the theory that it is due to mncreased 
ovarian oestrogen secretion, high levels of serum 
oestradiol have been found by some invest gators? ° 
and these have been attributed to increasec gonado- 
trophins.® Graafian follicles of the ovary Fave been 
noted in the newborn and young infant, and it was 
suggested that they were the source of the 
oestrogen.23 24 The follicles are thought -o be the 
result of increased concentrations of gonadotrophin 
since birth. ê Others have proposed that there is an 
increase in the biologically active oestrogen because 
the unbound fraction is increased in the presence of 
normal total serum oestrogen. The increase in free 
oestradiol would result from a presumed decrease in 
sex hormone-binding globulin. Urinary-free 
oestradiol excretion has not been measured and this 
might be of interest in further studies. 

In this series of patients with premature thelarche, 
no differences in prenatal or neonatal history were 
documented. There appeared to be an appreciable 
increase in height in several girls but this was not 
consistently associated with advanced bane age. In 
fact, several of the girls with advanced bone ages 
were not tall. Some investigators have reported 
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advanced stature and bone age in precocious 
thelarche but these have not been constant features 
of the disorder.® 6 21 25 26 

The breast development and vaginal smear 
indicate oestrogen effect. However, these changes 
cannot readily be attributed to increased oestrogen 
secretion as the serum oestradiol level was not 
particularly high. Indeed, any difference in hormones 
between the patients with premature thelarche and 
the control group is not obvious. There was no 
increase in any pituitary hormone, specifically no 
increase in FSH, LH, or prolactin. These findings 
agree with previous reports. 7 10-12 Job et al’ 
found an increased gonadotrophin reserve on 
luteinising hormone releasing factor testing but 
resting FSH and LH were in the prepubertal range. 
There was an increase in DHEA in the patients 
reported here. The hormonal level of DHEA in 
normal prepubertal children is in the upper range of 
normal as reported previously.27 Since the methods 
were the same for both groups of children, the 
difference in the serum DHEA concentration 
between the two groups is Statistically valid. DHEA 
is of adrenal origin in the prepubertal child. We 
suggest that the increased adrenal DHEA, observed 
in Our patients, may serve as precursor for the 
peripheral conversion to oestrogens. Support for 
this suggestion is derived from the report of 
MacDonald er al.28 who demonstrated peripheral 
conversion of DHEA to oestradiol in ovariectomised 
women. 

The increased level of DHEA in the patients may 
be converted to oestradiol in the breasts. This may 
represent an appreciable source of oestrogen in the 
prepubertal child. This mechanism may apply to the 
vaginal mucosa also. Although MacDonald er a/.28 
reported only a small percentage conversion of 
DHEA to oestradiol in the periphery, this may 
represent a significant oestradiol level at the target 
tissue if the DHEA level is raised. The capacity of 
DHEA-S to oestrogenise the vaginal mucosa was 
reported by Drucker et a/.2® who administered 
DHEA-S to a 3-month-old girl and demonstrated 
vaginal oestrogenisation which reverted to normal 
when treatment was stopped. These investigators 
proposed that DHEA-S was hydrolysed in the 
vaginal mucosa to oestrogen precursors as has been 
reported in the adult vagina.?° A further role for 
DHEA as an oestrogen precursor for the brain has 
been suggested since immature rats treated with 
DHEA produced a surge of FSH, LH, and prolactin, 
in addition to precocious ovulation.?! 

The mechanism for the development of premature 
thelarche proposed here may indeed be the mech- 
anism for the initiation of normal pubertal breast 
development.*” Since adrenal androgens begin to 


rise before the advent of increased gonadotrophins,** 
the adrenal androgens may serve as local precursors 
for oestrogen in the breast and may initiate breast 
development in the absence of high serum levels of 
biologically-active oestrogens. Thus, the aetiology of 
premature thelarche may be precocious secretion of 
adrenal androgens converted to oestrogens by the 
immature breast. Local conversion may also explain 
the oestrogenisation of the vagina.2° 

In precocious adrenarche too, there is increased 
secretion of adrenal androgens associated with 
precocious pubic hair development in the absence of 
breast development.®4 In such children, the vaginal 
smear has been noted to be oestrogenised.26 35 36 
These findings suggest that variability of local tissue 
conversion of androgens to oestrogens may govern 
the clinical presentation of increased adrenal 
androgens.? 

The diagnosis of premature thelarche requires 
absence of other secondary sexual characteristics 
during a prolonged period of time. Thus it is possible 
that some of these patients were in the earliest Stages 
of puberty. Nevertheless, it is interesting that with 
manifestations of breast development and oestro- 
genised vaginal smears, only the level of adrenal 
DHEA was found to be increased. 
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Endocrine complications of topical and intralesional 


corticosteroid therapy 


J A CURTIS, E CORMODE, B LASKI, J TOOLE, AND N HOWARD 


Division of Endocrinology and Department of Paediatrics, University of Toronto, Ontario, and Department 
of Paediatrics, Soldier’s Memorial Hospital, Orillia, Ontario, Canada 


SUMMARY Four previously healthy children acquired skin problems that were treated with topical 
or intralesional fluorinated corticosteroids. Three developed signs that suggested Cushing’s syndrome 
1—4 months after initial treatment. Investigation showed low plasma cortisol levels and inadequate 
response to corticotrophin stimulation. After 7 months of treatment with topical steroids the fourth 
child presented with failure to thrive; during a febrile illness he had a convulsion followed by acute 
hypotension which responded to parenteral corticosteroid administration. Adrenal function was 
not studied in this patient. Although fluorinated corticosteroids seldom lead to overt adrenal 
suppression in children, they may impair pituitary-adrenal responses in some. Such patients should 
be given oral or parenteral steroid cover in the event of illness or trauma. 


Complications associated with steroids have 
generally been associated with corticosteroids 
administered orally or intramuscularly to treat 
systemic disease since steroid is more often given by 
these routes than by others. The complications 
arising from topical or intralesional corticosteroid to 
treat skin disease are little known. Although it has 
been suggested that topical steroids are more 
hazardous in children than in adults, few reports 
have documented adverse clinical effects in children. 
Reported cases manifested failure to thrive,'~° 
Cushing’s syndrome? 6-8, wasting of the buttocks 
from local application, and benign intracranial 
hypertension.’ ° Despite suggestive clinical features 
in some of these, convincing biochemical evidence of 
disturbed steroid metabolism was seldom presented. 
Systemic complications of intralesional cortico- 
steroid therapy are rare in adults!°-!* and have not 
been reported in children. 

The systemic effects of treatment with topical and 
intralesional steroids in 4 children are described. 
Suppression of the hypothalamic-pituitary-adrenal 
(HPA) axis was demonstrated in 3, and a pronounced 
failure to thrive with acute adrenal insufficiency was 
shown in the fourth. 


Case reports 
Case 1. A 13-year-old girl presented with psoriasis 


of 4 months’ duration. An erythematous papulo- 
squamous rash, at firstconfined to the perianal region, 


had quickly become generalised and treatment with 
0-5% hydrocortisone cream for 1 week brought no 
appreciable relief. After ultraviolet light treatment 
pustules developed and she became febrile and toxic. 
A diagnosis of von Zumbusch’s pustular psoriasis 
was made and the patient was transferred to the 
Hospital for Sick Children in Toronto. 

On admission her height was 147 cm (3rd centile) 
and weight 41-2 kg (10th centile). Initial manage- 
ment consisted of daily applications of dilute 
betamethasone-17-valerate cream. Lack of response 
necessitated a gradual increase in the strength of this 
preparation. During the next 9 weeks a total 
equivalent to 7900 g of 0-1% betamethasone cream 
(125 g daily) was applied. The psoriasis was reduced 
by this treatment but Cushingoid facies developed 
and striae appeared on the buttocks and thighs. The 
patient’s blood pressure was 120/80 mmHg. 
Reduction of topical steroid was quickly followed 
by relapse of the skin condition and toxic state; it 
became necessary to introduce methotrexate therapy 
while stopping the cream under cover of oral 
steroids. 

Investigation (Table) demonstrated suppression of 
the HPA axis. Normal diurnal variation of plasma 
cortisols returned 6 weeks after topical steroids had 
been stopped. 


Case 2. A 14-month-old boy was brought to the 
emergency department of Orillia Soldier’s Memorial 
Hospital with fever, vomiting, and anorexia of 12 
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Table Plasma cortisol levels and responses to ACTH stimulation 





Case Time of investigation 


Plasma cortisol 
(ug/100 ml) 


B 1-24 ACTH response test'9 
Plasma cortisol (ug/100 ml) 





0800 
hours 








l At presentation <i 
6 weeks after stopping topical steroids 26- 

3 4 weeks after final injection 4 
8 weeks after final injection 10- 

4 7 weeks after injection c 
19 weeks after injection 18 


Normali values!9 T22 


2000 
hours 


Baseline +30 minutes Increment 





10-8 12-3 
<| <l 
-5 20-1 


5057 7=22 
of 0800 hour value 





Conversion: traditional to SI units: 1 ug/100 ml 27-7 nmol/l. 


hours’ duration, and was seen by one of us (EC). He 
had had a nappy rash since age 3 months and his 
mother had been applying 0-1% betamethasone-17- 
valerate cream with each nappy change for the 
7 months preceding admission. 

Or examination the child was drowsy and 
appeared dehydrated and malnourished. He was 
febrile and his blood pressure was 85/70 mmHg. 
Weight was 7:2 kg (<3rd centile). Stomatitis was 
noted. A large erythematous plaque with smaller 
satel ite lesions were present over the buttocks and 
perireum. Laboratory studies gave the following 
results: leucocyte count 24 x 10°/Il (polymorphs 54 °%, 
lymphocytes 25%), serum sodium 121 mmol/l, 
potassium 3-3 mmol/l, chloride 82 mmol/l, albumin 
24 g/l. Initial management consisted of intravenous 
fluids in the form of sodium lactate only, followed by 
3-3% dextrose with 0-3°% saline at a rate of 65 ml 
per hour. 

Ten hours after admission the child had a 
generalised convulsion of 2 minutes’ duration. He 
became apnoeic, with a thready pulse and un- 
recordable blood pressure, and did not respond to 
ventilation, external cardiac massage, intravenous 
dextrose, and calcium gluconate. However, after 
intravenous administration of 200 mg hydrocortisone 
hemisuccinate, spontaneous respirations returned 
and the systolic blood pressure rose to 80 mmHg. 
Within 24 hours he was afebrile. The stomatitis and 
napoy rash cleared without treatment in 72 hours by 
whieh time the peripheral white cell count had 
returned to normal. During this period, hydro- 
cortisone was administered every 6 hours; it was 
stopped 6 days later. 

The pharmacy records showed that this child had 
received 787 g of 0-1% betamethasone-17-valerate 
creem during a 7-month period. Weight loss during 
that time was followed by catch-up in weight and 
rap d linear growth after the steroid was stopped 
(Figure). 


Centiles 
9590 75 53025 105 


80 


Length 
(cm) 





Steroid cream 


Birth 6 12 18 24 30 
Age (months) 
Figure Weight loss during treatment with 
betamethasone-17-valerate cream, followed by 
catch-up growth when it was stopped. 


Case 3. A 123-year-old girl was referred for investi- 
gation of obesity. Four months earlier she had 
started a course of five 25 mg injections of 
triamcinolone diacetate given into an area of 
alopecia on the scalp at fortnightly intervals; the last 
injection had been 2 months before admission. 
During this treatment her weight increasec by 11 Ib 
and facial swelling developed. One mon:h before 
admission plasma cortisol levels were 4-5 2g/100 ml 
(124-2 nmol/l) at 0800 and again at 2000 hours. 

On examination her height was 154 cm (50th 
centile) and her weight 57-65 kg (>90th centile). 
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Blood pressure was 125/80 mmHg and pulse 86/min. 
There was an area of alopecia on the scalp with many 
broken hairs and some palpable roots. She was moon 
faced and had a slight buffalo hump. Purple striae 
were present on the buttocks and thighs, and behind 
the knees. 

Investigation (Table) showed diminished cortisol 
response to adrenocorticotrophic hormone (ACTH) 
stimulation. These values and the previously 
recorded plasma cortisol levels indicated suppression 
of the HPA axis which was now in the process of 
recovery. Observation during her time in hospital 
revealed that the patient’s alopecia resulted from 
trichotillomania. 


Case 4. A 14-8-year-old girl was admitted to hospital 
with a 1l-month history of weakness. lethargy, 
arthralgia, acne, and facial swelling which her 
parents interpreted as rapid weight gain. Seven 
weeks previously she had received a single 
intralesional injection of 240 mg triamcinolone 
diacetate into a large scar beneath the left axilla and 
extending on to the back that had resulted from a 
3rd degree burn sustained 3 years earlier. 

On examination her height and weight were both 
on the 25th centile. Blood pressure was 110/60 
mmHg. She had rounded facies without plethora, a 
mild buffalo hump, and mild truncal obesity. There 
was severe papulopustular acne over the face and 
upper chest wall, and purple striae were present on 
both thighs. 

Investigation (Table) showed Suppression of the 
HPA axis. Three months later normal diurnal 
variation and response of plasma cortisols to ACTH 
stimulation had returned. 


Discussion 


Topical corticosteroids are often prescribed for 
children. Their effects are enhanced by factors 
relating to the site, size, and condition of the treat- 
ment area; dosage and length of application: 
vehicle used; and the employment of occlusion. 
Age is also important as the child’s thin stratum 
corneum predisposes to the absorption of topical 
medications'? and the ratio of surface area to weight 
is greater in the child than the adult. 

Occlusion of the treatment area increases penetra- 
tion 100-fold or more. as determined by vaso- 
constriction.'* This may lead to temporary 
suppression of pituitary-adrenal function, even with 
1 % hydrocortisone cream applied to a large area.) 
The use of fluorinated corticosteroids with their 


greater inherent potency further increases the 
likelihood of undesirable systemic effects. 
In Case 1 the widespread distribution and 


inflammatory nature of the lesions facilitated steroid 
absorption which led to adrenal Suppression. In 
Case 2, as in the cases of Roussounis® and Johns and 
Bower,” the important factor was long-term applica- 
tion of fluorinated corticosteroid to a localised area, 
the moist and self-occlusive perineum. Scrotal 
application of radiolabelled steroids results in up to 
35% urinary excretion, a much greater percentage 
than results from application to most other areas.!® 
in addition, the frequent use of a nappy acted as an 
occlusive dressing in this case. We did not have the 
opportunity to study adrenal insufficiency before 
starting hydrocortisone therapy; nevertheless. the 
acute episode of hypotension after 7 months of 
excessive betamethasone-17-valerate application may 
have reflected an adrenal crisis in a patient whose 
impaired HPA axis had been unmasked by the stress 
of acute infection. Marked growth retardation with 
proved suppression of the HPA axis has been 
reported in children treated with fluorinated 
corticosteroids.” 4 

Cases 3 and 4 show that unusual complications 
can result from this fairly rare mode of treatment in 
paediatric practice. No doubt other cases have been 
overlooked or have not been reported because the 
patients had less florid signs. The danger of adrenal 
Suppression with intralesiona] corticosteroids is 
increased if the dose is too large or the drug in- 
correctly administered. Unfortunately, dosage 
guidelines for the young patient are available only 
for the management of keloids.17 It is Suggested that 
the risk of systemic absorption is greatly reduced if 
accidental infiltration into normal tissues adjacent to 
or beneath the scar does not occur!” 

With non-keloid conditions. such as alopecia, one 
cannot avoid injecting deep to the stratum corneum 
which is the main barrier to absorption. In such 
conditions much smaller doses of triamcinolone, 
generally diluted, are recommended for adults. 
Guidelines for children are not easy to find: con- 
sequently we adopt a conservative approach using 
diluted corticosteroid preparations. In selected cases 
of alopecia areata, one of us (JT) uses 10 mg/ml 
triamcinolone diluted 5:1 with xylocaine to give a 
concentration of 2 mg/ml of which about | mg is 
injected. This is repeated monthly, as dictated by 
response. In an area of increased vascularity—such 
as the scalp—where disappearance of the cortico- 
steroid is presumably quicker than from the avascular 
keloid, such frequency of injection is indicated to 
ensure a continuous effect. 

In skin conditions requiring the use of topical 
applications the most potent preparations are 
seldom indicated as first-line therapy. For example. 
the routine use of fluorinated corticosteroids appears 
to have little advantage over | % hydrocortisone in 
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the management of childhood eczema.'* The 
calculation of an effective, safe dose is made difficult 
because of variability of the local epidermal barrier 
in disease states and the physician has to titrate dose 
against response in each patient. A reasonable 
approach therefore may be to treat the less severe 
steroid-responsive dermatoses initially with a hydro- 
cortisone preparation. If there is no response to 1 °% 
hydrocortisone, one of the least potent fluorinated 
steroids may be selected and diluted with an appro- 
priate base before more potent preparations are 
tried. 

Children treated with fluorinated steroids or 
intralesional corticosteroid injections may develop 
suppression of the HPA axis. In such cases, coverage 
with oral or parenteral cortisone is indicated in the 
event of infection, surgery, or accident, until full 
recovery of adrenal function is confirmed by plasma 
cortisols and response to ACTH stimulation.!® 
Meenwhile, an attempt should be made to reduce 
the strength of the topical preparation to the 
minimum necessary to maintain an adequate 
therapeutic response. 
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Traveller’s diarrhoea with a vengeance in children of 
UK immigrants visiting their parental homeland 


PAUL HUTCHINS, PRAEV HINDOCHA, ALAN PHILLIPS, AND JOHN WALKER-SMITH 
Queen Elizabeth Hospital for Children, London 


SUMMARY Six healthy children, born in the UK, travelled to their parental homeland and developed 
a severe form of traveller’s diarrhoea. This was characterised by rapid loss of weight and chronic 
diarrhoea. On return to this country, investigation in 5 of them showed an abnormal. small intestinal 
mucosa. There was a high incidence of pathogens and potential pathogens found in stools and 
duodenal juice. Immunodeficiency was found in 2 of them. Small intestinal mucosal damage related 
to gut infection in previously well children appears to be of cardinal importance in the interaction 
between chronic diarrhoea and malnutrition. This observation may point the way to future research 
into the primary role of gut infection in the initiation of the cycle of malnutrition and chronic 
diarrhoea in developing communities. 


In many countries, chronic diarrhoea and mal- 
nutrition interact to provide a major cause of death 
and severe illness in childhood. In Britain such 
interaction is rarely seen; yet recently at this hospital 
we have encountered a number of healthy young 
children, born in Britain, who became severely ill 
when they first visited their parental homeland. 
Acute diarrhoea became persistent and was 
accompanied by rapid weight loss. 

In view of the children’s previous good health 
and nutrition this experience is relevant to the 
interaction between nutrition and gastrointestinal 
infection in childhood. ! 


Table 1 Clinical features and treatment 





Case Age at admission 


(months) 


Duration 
of visit 


Country How soon 


after arrival 





Case histories 


Between September 1978 and July 1979, six boys 
aged between 6 and 35 months, born in England but 
taken for a first visit to their parents’ country of 
birth, were admitted to this hospital with severe 
chronic diarrhoea. They had visited the Indian 
subcontinent or Morocco. Before departure all had 
a history of good health, adequate nutrition, and 
normal growth. This was corroborated, if possible, 
by child health centre records or inferred from recent 
family photographs. Details of individual children 
are shown in Table 1. 


e 
Time between 
return to UK 
and admission 


Condition on 
admission 


Treatment 





(weeks) did symptoms 
start (weeks) 
1 6 Pakistan 12 2 
2 8 Pakistan 8 3 
3 12 Morocco 5 2 
4 18 Pakistan 20 l 
5 23 India 10 3 
6 35 India 10 6 


4 days 
2 days 
12 hours 


3 days 
weeks 


5 days 











8-10% dehydrated, Parenteral alimentation for 6 
10 stools daily weeks. Cows’ milk protein- 
free diet for one year 
10 stools daily Intravenous fluids for 2 days 
then graded slowly to 
normal diet 
7% dehydrated, Parenteral alimentation for 10 
pyrexia, abdominal days then graded slowly to 
pain, 9 stools daily normal diet 
Pyrexia, 6 stools daily Metronidazole 500 mg daily x6 


Pyrexia, fever, 
10 stools daily 


Parenteral alimentation for 6 
weeks. Multiple antibiotics 
then graded slowly to normal 
diet after 3 months 

Intravenous fluids 3 days. 
Metronidazole 800 mg daily 
x 3 then graded slowly to 
normal diet 


Abdominal distension, 
5 stools daily 


aaa 
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Most of the children were symptomatic within 
3 weeks of arrival abroad. All had diarrhoea of acute 
onset, sometimes accompanied by fever and 
vomiting. The initial illness did not appear remark- 
able for the countries they visited, but the symptoms 
became persistent and the children lost weight. On 
admission 5 of them were below the 3rd centile for 
weight. Each was admitted to this hospital within 
hours or days of his return to England, except for 
Cases 1 and 5 who were referred from other hospitals. 
In all, the presenting symptom was chronic diarrhoea 
which had persisted from the initial illness. No 
specific details of treatment abroad were given, 
other than vague histories of ‘infection’, ‘clear 
fluids’ in three (Cases 2, 4, and 5). No child had 
brought medical records from abroad. 

Each child was investigated and treated as 
intensively as his clinical condition warranted. The 
principles of management were to proceed from a 
glucose electrolyte mixture, regrading to a normal 
diet. or to use intravenous fluid if dehydration and 
severity of diarrhoea so indicated (Table 1). Three 
children were so malnourished and diarrhoea so 
intractable that parenteral alimentation was used. 

Laboratory investigations relating to small 


Tabke 2 Laboratory investigations 








Case Histology of small Microbiology of stool and 
intestinal mucosa duodenal juice (as indicated) 
1 Patchy severe enteropathy, E. coli O114. Adenovirus sp. 
TEL 27. Disacchardidases 
all low 
Normal mucosa 3 weeks later 
2 Mild enteropathy, IEL 50. E. coli O86 
Disaccharidases all low E. coli 0128 
Candida sp. 
3 No biopsy performed Shigella flexneri 4B 
E. coli O111 
E. coli 0142 
Campylobacter sp. 
Candida sp. 
4 Mild enteropathy, IEL 50 Pentatrichomonas hominis 
trophozoites 
5 (1) Severe enteropathy, Pseudomonas aeruginosa for 8 
IEL 12. Disaccharidases weeks. E. coli O128 for 6 
all low. weeks. Klebsiella sp. 
(2) 5 weeks later, normal (1) Duodenal juice 
mucosa. Pseudomonas aeruginosa 
(3) 1 year later, normal 2x105 org/ml, E. coli: 
mucosa O128 1 x105 org/ml. 
(2) Duodenal juice sterile 
6 Mild enteropathy, IEL 48. No stool pathogens. 


Duodenal juice (after 
treatment) yeasts only 


Low lactase activity. 
Other disaccharidases 
normal 


intestinal histology, stool microbiology, mmmuno- 
logical function, and relevant haematology and 
biochemistry are listed in Table 2. In all but one 
child, small intestinal mucosa was obtained by 
peroral paediatric double port Crosby capsule. 

In all children stools were cultured for bacterial 
pathogens and viruses, examined for the presence of 
parasites, and studied with the electron microscope 
for viral particles. At the time of small intestinal 
mucosal biopsy, duodenal juice was examined 
microscopically for the presence of parasites such as 
Giardia lamblia (Table 2). 

Small intestinal biopsy demonstrated an entero- 
pathy in all cases biopsied (Figs | and 2). The 
mucosal damage was particularly severe in children 
(Cases 1 and 5) in whom the weight loss was 
profound and who also had a very low serum 
albumin level. It was especially severe in Case 5 who 
showed Escherichia coli adherent to damaged 
enterocytes on electron microscopy. Two children 
showed a temporary impairment o T-cell 
lymphocyte transformation with phytohaemag- 
glutinin. One of these had persistent IgG and IgA 
hypogammaglobulinaemia, with a temporary 
neutropenia and impaired opsonisation. Al! children 


Haematology and biocremistry 
on admission 


Immunological studies serum 
immunoglobulins (IU/ml) 





Hb 11-3 g/dl. 
Indices normal. 
Serum protein 45 g/., 
albumin 26 g/l, 
serum iron normal 


IgG 74 normal. 
IgA 24 normal. 
IgM 147 high normal. 
Opsonisation normal. 
T-cell transformation 
impaired for 3 weeks 
Hb 10 g/dl, serum prctein 
70 g/dl, albumin 36 g/l, 
serum iron low, TIBC high, 
saturation low 
Hb 12 g /dl, serum pretein 
48 g/l, albumin 21 g/l, 
serum iron low 


IgG 123 high normal. 
IgA 93 high. 
IgM 120 normal. 


IgG 188 high. 
IgA 54 normal. 
IgM 141 normal. 
IgG 10 very low. 


Hb 11-6 g/dl, serum protein 
41 g/l, albumin 33 g/l, 
serum iron low 

After one blood transfusion: 
IgA 8 very low. Hb 9 g/dl, serum protein 
IgM 340 very low. 35 g/l, albumin 20 g/l, 
Neutropenia |) serum iron low 

Low > for 3 weeks 
opsonisation } 

T-cell transformation 
impaired for 5 weeks. 

For at least 2 years persistent 
unrecordable levels of IgG 
and IgA 

Serum IgG 168 high normal. 
IgA 72 normal. 

IgM 192 high normal. 

G. lamblia fluorescent antibody 

titres positive 1/60 


Hb 12 g/dl, protein 61 g/l, 
albumin 37 g/l 


l 


IEL = intraepithelial lymphocytes per 100 epithelial cells. 
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gained weight after treatment. The 4 children whose 
weight centiles were known before departure from 
the UK recovered to at least this centile after 
treatment, most of them within a few weeks. Times 
of follow-up varied, but where possible growth was 
monitored over months and growth rates have been 
maintained (Table 3). 





with crypt hypertrophy. x 80. 


Table 3 Details of height and weight centiles 


Discussion 


The children described here presented a clinical 
picture of chronic diarrhoea and malnutrition all too 
familiar in much of the world, but rare ir the UK. 
They suffered persistent diarrhoea and a strikingly 
rapid loss of weight. Unlike many children in 
countries where diarrhoeal disease contributes so 
much to death and morbidity, these children had 
enjoyed good health since birth in England until 
their acute illness while abroad. Yet once diarrhoea 
became persistent, the children markedly lost weight 
and the severity of the illness on presertation in 
London was surprising in view of their previous 
wellbeing. Why then did they become so i]? 

Acute diarrhoea within a short time of arrival 
abroad is referred to as traveller’s diarrhcea and it 
classically involves affliction with previously un- 
encountered pathogens.* Both food and water may 
contain many pathogens? and in these >hildren’s 
parental homelands both could offer a source of 
large numbers of previously unencountered 
organisms compared with food and water consumed 
in England. 

In view of the good health of the children before 
their journey abroad we must assume that infection 
played a key role in determining the clinicel severity 
of the illness and that the diagnosis was a perticularly 
severe form of travellers diarrhcea. —lowever, 
subsequent anorexia with resulting peor food intake 
and also limited medical treatment may have played 
a role, albeit secondary. Traveller’s diarrhoea is 
typically a self-limiting illness, yet the mean duration 
of symptoms before admission was 9-2 weeks. 

This persistence may be explained in turn by 
persistent infection, persistent - small intestinal 
mucosal damage (that is enteropathy), and by 
immunodeficiency which could be age releted, as 5 
of the children were under age 2 years. 

The severity of the illness in Case 6 with presumed 
giardiasis and a mild enteropathy may relete to 
infestation with this parasite as prolonged symptoms 





Case Heighi centile Weight centile 
At admission At birth Before leaving UK* At admission At follow-up 

1 3rd. 3rd ? 2 kg below 3rd 3rd within 6 mcoths 

2 50th 50th. 25th at 2 months 3rd 25th within 8 weeks 

3 10th 3rd 10th at Í year 500 g below 3rd 10th within 3 weeks 

4 10th 3rd 10th 500 g below 3rd 10th within 3 weeks 

5 36th 3rd 50th 500 g below 3rd SOth' at cischarge 
75th within 1-year 

6 60th 80th ? 500 g below 3rd 10th' within 2 w=eks 
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in traveller’s diarrhoea due to G. lamblia are well 
known, sometimes with rapid weight loss.4° A 
similar explanation may exist for Case 4, a child 
infected with the protozoan flagellate, Pentatricho- 
mones hominis. However, it is largely a colonic 
parasite and the presence of a small intestinal 
enteropathy may be of more importance in 
explaining the child’s illness. The remaining 4 
children, who had a mean duration of symptoms of 
7 weeks, required intravenous fluids on admission, 3 
in turn requiring subsequent parenteral alimentation. 
All had mixed infections with known strains of 
enteropathogenic E. coli in their stools plus 
recognised or possible pathogenic organisms. 

For all children, daily stool samples were cultured. 
In Cases 2, 3, 4, and 5 the disappearance of the 
possible pathogens quoted in Table 2 and the 
stopping of diarrhoea were separated by no longer 
than 3 days. In Case 6, treatment with met. onidazole 
was started without examining duodenal juice for 
presence of G. lamblia. The diarrhoea stopped within 
2 days and there was serological evidence consistent 
with giardiasis. In Case 1 an enteropathogenic strain 
of E. coli had been consistently demonstrated in the 
referring hospital and his clinical course reflected the 
existence of an enteropathy. When treatment was 
given (Table 1) the condition of all children soon 
improved (Table 3). The concordance between 
clinical recovery and the disappearance of organisms 
from stool cultures supports a pathogenic role for 
at least some of the potential pathogens found in the 
stools. 

In the individual affected child, it is difficult to 
ascribe symptoms to one particular organism among 
possible pathogens, and the multiplicity of organisms 
may be important in the severity of these children’s 
illnesses. Mixed infections are rare in our experience 
but if they do occur may be associated with more 
severe clinical disease.® 

The presence of small intestinal mucosal damage 
in all children biopsied, perhaps as a direct result of 
infection, may be of more importance. The most 
severe lesions were in those with the most 
pronounced weight losses and the lowest serum 
albumin levels. Was this enteropathy then a post- 
enteritis enteropathy and its persistence of critical 
importance in the severity of the children’s illness ? 
The relationship of this enteropathy to the abnormal 
bacterial flora is not certain, although in Case 5 the 
adhesion of E. coli 0128 to damaged enterocytes 
would appear to be important aetiologically. High 
dosage and continuing exposure to bacterial 
pathogens may also be important. There was 
complete healing of the small intestinal mucosa in 
the 2 patients who had the most severe enteropathy 
at the time that they had clinically recovered, were 


taking a normal diet, and the infections had cleared 
from stool cultures. 

Immunodeficiency was found in 2 childrea (Cases 
1 and 5). Serum immunoglobulins were ncrmal or 
raised in all except Case 5, who had low IgA and 
IgG levels. These have persisted for 2 years. If this 
hypogammaglobulinaemia were congenital, it is 
surprising that he remained so healthy as an infant. 
He and Case | had temporary evidence of T-cell 
dysfunction, as has been described in 5 of 27 severely 
malnourised children.” The significance of these 
findings in these 2 children in relation to the whole 
illness is unclear, but it is possible that the 
enteropathy in some way has affected local immune 
function in the gut and even systemically, and thus 
played a part in the persistence of bacterial pathogens 
and in the enteropathy itself. 

The microbiological findings and the small 
intestinal enteropathies found in these children, plus 
their previous good health and nutrition, suggest 
that persistent small intestinal mucosal damage 
related to gut infection may be of primary 
importance in the interaction between chronic 
diarrhoea and malnutrition in these children. Such 
infection may also have initiated the cycle cf chronic 
diarrhoea, malnutrition, and small intestinal damage 
in countless more children living in developing 
communities. This observation stresses the need for 
research into the possible primary role of gut 
infection in such circumstances. 

On a practical note, immigrant parents of UK- 
born infants should give some thought to the 
potential health hazards in taking children, especially 
those under 2 years, to their ancestral homeland. 
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Unexplained diarrhoea and failure to thrive in 2 
siblings with unusual facies and abnormal scalp hair 


shafts: a new syndrome 
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HAZEL THOM, AND GEORGE RUSSELL 


Department of Dermatology, Royal Aberdeen Children’s Hospital; Department of Child Health, University 
of Aberdeen; Department of Psychiatry, Middlewood Hospital, Sheffield; Department of Pathology and 


Department of Child Health, University of Aberdeen 


SUMMARY A family is described in which 2 siblings born to healthy parents presented with abnormal 
facies, persistent diarrhoea, and early death. Exhaustive pathological and biochemical investiga-ions 
failed to find a cause. The scalp hair of both babies had an abnormal amino-acid composition, and 
presented an appearance that was unique on scanning electron microscopical examination; this 
fact and the clinical picture probably represents a new syndrome. 


Structural and biochemical abnormalities of scalp 
hair have been reported in association with various 
nutritional and biochemical defects in children.1 We 
report hair abnormalities in 2 siblings with unusual 
facies who died after prolonged periods of persistent 
diarrhoea with failure to thrive. 


Case reports 


The children were the second and third offspring of 
healthy unrelated parents. The father had been born 
in 1945 and the mother in 1948. Both had normal 
karyotypes and negative serological tests for 
syphilis. The mother’s blood group was A Rh- 
negative and she had received anti-D globulin after 
each of her first two pregnancies. Her menstrual 
cycle was irregular and low oestriol levels were noted 
during all her pregnancies. The first pregnancy 
produced a stillborn 820-g anencephalic infant of 
indeterminate sex with severe spinal rachischisis. The 
placenta weighed 320 g. A postpartum intravenous 
glucose tolerance test was normal. 


Case 1. The second pregnancy ended in 1973 in the 
spontaneous delivery of a girl who weighéd 1680 g at 
a gestational age estimated clinically and radio- 
logically to be 38 weeks. There was no birth asphyxia. 
The abnormal findings are listed in the Table. The 
baby’s clinical course was uneventful until day 6 
when the perineum appeared excoriated. Urinary 
examination at this time showed the presence of 


Table Clinical features 





1 


bbb fbb On + Ot + B+ À 
ho 


Meconium staining of amniotic fluid 

Placental weight (g) 

Light-for-dato 

Large, low-set, simple cars 

Prominent eyes with shallow supraorbital igs 
Antimongolokd slanting syes 

Flat broad nose 


Excoriated buttocks (befors start of diarrhoea) 
Woolly, easily removed black hair showing 
trichorrhexis blastysis 


Rubbery skin 

Failure to thrive 

Diarrhoea developing in third week 
Thermoregulatory problems 


ga a en oe a 3 
Lao’ 





reducing substances subsequently shown by semi- 
quantitative chromatography to be galactose (500 

mg/100 mf) and lactose (200 mg/100 ml), but there 
was no galactosaemia. 

Diarrhoea developed on the 17th day and 
persisted until death at age 33 days. The stool 
contained no reducing substances and the pH was 
never lower than 6. The urinary pH remained high 
despite profound metabolic acidosis with persistently 
and slightly increased serum chloride levels of 
107-108 mmol/l. The gastrocolic reflex was noted 
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to be very active. Institution of lactose-free feeds 
(Galactomin, Cow and Gate, Guildford, Surrey) 
had ro effect on the frequency or consistency of the 
stools. It became impossible to maintain hydration; 
the baby became marasmic and developed 
generalised convulsions before she died. 

Complement fixation tests for influenza A and B, 
parainfluenza, adenovirus, respiratory syncytial 
virus psittacosis, Q-fever, Mycoplasma pneumoniae 
cytomegalovirus, and Herpes simplex virus were 
negative. Rubella HA I was 128, Coxsackie B,_; 
neutralisation tests were negative. Serum immuno- 
globulins were: IgG 350 mg/100 ml, IgA <40 mg/100 
ml, IgM <8 mg/100 ml. Guthrie tests showed a fall of 
the tyrosine level from 20 mg/100 ml (1-10 mmol/I) 
on day 6 to <2 mg/100 ml (0-11 mmol/l) on the 
21st day. During this period the serum methionine 
level rose from 6 (0-4 mmol/l) to 20 mg/100 ml (1-34 
mmol/l) while urine amino-acid chromatography 
showed no abnormality on two occasions. 

At necropsy the body weight was 1600 g and the 
immediate cause of death attributed to a massive 
gastrointestinal haemorrhage. The liver (60 g) had 
a coarsely lobulated surface with patchy bile 
stairing, and appeared haemorrhagic. The extra- 
hepetic biliary tract was patent to the duodenum. 
Other abnormalities included thymic atrophy (<1 g), 
abnormal lobulation of both lungs, and firm head of 
pancreas. The kidneys (combined weight 21 g) and 
braia (220 g) appeared grossly normal. Histological 
examination showed extensive fibrosis of the liver 
witk bile duct proliferation and irregular nodules of 
regenerating parenchyma which had undergone 
extensive necrosis. Giant cells were identified but not 
considered significant. There was haemosiderosis of 
the liver. exocrine pancreas, and thymus. The islets 
of Langerhans were increased in number but normal 
in size. There was acute papillary and tubular 
nec-osis of the kidneys but no microcysts. The 
pancreas was not fibrosed and the histology of 
gastrointestinal tract, including the small intestine, 
appeared normal. 


Case 2. In view of the outcome of the previous two 
pregnancies, amniocentesis was performed and 
shcwed normal  galactose-1-phosphate uridyl 
transferase activity and a normal concentration of 
alphafetoprotein. In 1975 a boy was born with 
clinical features similar to those of Case | including 
larze ears and a broad flat nose (Figs 1 and 2). The 
various findings are listed in the Table. At birth the 
baby weighed 1620 g at a gestational age estimated 
clinically and on ultrasonic fetal scanning to be 39 
weeks. During the first few days of life he developed 
excoriated buttocks. On day 5 galactosuria was 
de-ected but no galactosaemia and he was given 
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Nutramigen (Mead Johnson Laboratories, Langley, 
Slough) and later Pregestimal (Mead Johnson 
Laboratories) for intermittent weight loss. 

There was no serious concern until the 15th day of 
life when he developed persistent watery diarrhoea 
which did not respond to feed changes or to periods 
of parenteral feeding. There followed episodes of 
serum electrolyte upset and acid-base imbalance. 
The baby became dehydrated and developed 








PP 





Figs 1 and 2 (Case 2.) Shows large, low set ears, flat 
broad nose, and large mouth. 
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generalised convulsions before he died at 87 days. 
At no time were there signs of developmental 
retardation although periods of hyperactivity 
associated with prominent eyes suggested a diagnosis 
of neonatal hyperthyroidism. 

Extensive investigations failed to show the cause of 
the child’s illness. Porphobilinogen was found in the 
urine at age 6 days but could not be demonstrated 
subsequently. A Guthrie test at 6 days showed a 
tyrosine concentration of 20 mg/100 ml but repeated 
plasma and urinary amino-acid chromatography 
produced normal patterns. Repeated blood counts 
showed a gradual and progressive anaemia with 
pyknocytosis and reticulocytosis: the baby was 
already receiving Ketovite (Paines and Byrne Ltd, 
Greenford, Middlesex), the daily dose of which 
contains 15 mg «-tocopherol acetate. 

In view of the galactosuria, red cell galactokinase 
and  galactose-l-phosphate uridyl transferase 
activities were measured and were found to be 
normal, 

The hepatic abnormalities in Case 1 and the 
finding of a palpable spleen in this baby prompted 
various investigations. Normal results were obtained 
for urinary glycosaminoglycans, leucocyte acid 
esterase, (-galactosidase, aryl sulphatase, hexo- 
saminadase A and «-mannosidase, and plasma aryl 
sulphatase activities. 

Total serum bilirubin levels did not rise above 
33 umol/l (1-9 mg/100 ml) and fasting total serum 
cholesterol was 2-3 mmol/l (88-8 mg/100 ml). 
Normal serum levels were obtained for calcium, 
magnesium, caeruloplasmin, immunoglobulins, 
alphafetoprotein, and x-l-antitrypsin. Plasma 
ammonia lipoproteins and amino-acids were normal 
as were liver function tests. 

Other normal findings included thyroid function 
tests (T3, T4, and TSH), sweat electrolytes, x-ray 
film of chest, barium meal and follow-through, 
electrocardiograms, chromosome analysis, viral 
and toxoplasma antibodies, and cultures of urine. 
blood, and cerebrospinal fluid. Normal values were 
found for urinary organic and phenolic acids and 
catecholamines, urinary and faecal porphyrins, and 
faecal fat concentration. 

At necropsy the body weighed 2180 g. The 
findings were similar to those of Case 1. The liver 
(90 g) was coarsely scarred and bile stained. but the 
extrahepatic biliary tract was patent. Apart from 
thymic atrophy (4 g) all other organs appeared 
grossly normal. Histological examination showed a 
cirrhotic liver with features similar to those of Case | 
but without acute parenchymal necrosis. Periportal 
haemosiderin was prominent and was also identified 
in the pancreas and spleen. The islets of Langerhans 
appeared increased in number as in Case 1. There 


were sparse microcysts of the distal collecting tubules 
of the kidneys. The brain histology was normal as 
was that of the bowel including the small intestine. 


Hair morphology and biochemistry 


Microscopy of scalp hairs. In both cases low-power 
light microscopical examination showed that the 
hairs varied in thickness and Shape (aniso- and 
poikilotrichosis) and some were exceptionally fine. 
Many hairs were kinked. On high-power light 
microscopical examination the hairs were found to 
be deficient in substance, some appearing almost 
‘ghost-like’. At sites where hair was lacking in 
substance there were longitudinal breaks (tricho- 
ptilosis). In places the hair was twisted at regular 
intervals in its long axis (pili torti). All variations 
could be seen in individual hairs: loss of hair 
substance, partial breaks, and complete fractures. 
At fracture sites the ends were smooth (trichoschisis) 





Fig. 3 Scanning electron microscopy of ‘budding’ of 
hair with loss of architecture (trichorrhexis blastysis) at 
low and high power. 


or brush-like (trichorrhexis nodosa). In addition, 
some hairs had a rope-like appearance and at places 
there were nodes through which oblique fractures 
were visible. Scalp hair from neither parent showed 
any abnormality. 


Scanning electron microscopy. Scanning electron 
microscopy (Fig. 3) carried out under low power 
showed projections at multiple sites arising from the 
convex surface of a kinked hair. On higher magnifica- 
tion these projections had the appearance of buds 
for which the name trichorrhexis blastysis (Gr 
blastos = bud) is proposed. At affected sites the 
hair had lost its cuticle, the complete architecture 
was lost. and the hair was seen to break into parts. 


Biochemistry of hair. Hair samples from the patients 
and their parents were analysed as described 
previously.2 The amino-acid composition of the 
parents” hair was normal and very similar to that of a 
sample of normal hair hydrolysed under the same 
conditions. Hair from both patients had a low cystine 
content and abnormal contents of several other 
amino-acids especially aspartate, proline, and 
leucine. 


Discussion 


The striking clinical features and abnormal histo- 
logical and biochemical findings in the scalp hair of 
these siblings suggest that we are dealing with a 
hitherto undescribed syndrome. Abnormal facies, 
hepatic changes, and microcysts in the renal cortex 
in Case 2 are features seen in Zelweger’s syndrome”? 
but the lack of cerebral changes, and the presence of 
marked diarrhoea, hyperactivity, and abnormal hair 
make this diagnosis unlikely. In addition, neither 
child showed the typical punctate epiphyseal 
calcification, and pipecolic acid could not be 
detected in 3 urine specimens from Case 2. The 
placental weight which was excessive both for 
birthweight and gestational age was not explained 
by rhesus incompatibility, congenital nephrotic 
syndrome, or by any other cause of hydrops fetalis. 

The overall pattern of the biochemical 
abnormalities suggest a deficiency in high-sulphur 
protein fractions of the hair, similar, although 
somewhat less pronounced, than those reported in 
siblings with trichorrhexis nodosa with mental and 
physical retardation,’ in trichoschisis,? and in the 
BIDS syndrome. Postnatal malnutrition may 
produee thinning of the hair shaft diameter’ and 
reduction in high sulphur proteins® but does not 
present the microscopical hair features seen in our 
cases. The overall amino-acid analysis is a very 
impreeise indication of the composition of the 
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complex mixture of keratins present in hair and the 
underlying protein abnormalities in these various 
disorders are unlikely to be identical. 

Light microscopical examination of the hair in 
our two patients showed various abno-malities 
including pili torti and trichorrhexis nodosa, 
conditions which are found together in Menkes’s 
syndrome,® in arginosuccinicaciduria' 1° and in the 
condition described by Tay.'! These conditions are 
excluded by the findings of normal serum copper in 
Case 2 and by normal urinary amino-acids on several 
occasions in both patients. The children with hair 
abnormalities described by Pollitt et a/.* differed 
from our patients in that they maintained good 
health. 

We believe that our patients suffered from an 
abnormality hitherto undescribed, probably 
inherited as an autosomal recessive trait, and 
characterised by the features listed (Table). 
Exhaustive studies failed to find the cause of 
diarrhoea in these siblings and the biochemical 
abnormalities found in hair samples were not 
reflected in the blood or urine. The unique feature 
was the change in scalp hair noted on scanning 
electron microscopical examination which we have 
termed trichorrhexis blastysis. In the absence of any 
characteristic abnormality in blood chemistry and 
because biochemical analysis of hair is a difficult 
technique we recommend light and electren micro- 
scopical examination of hair as the cCiagnostic 
technique of choice. 
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Renal threshold phosphate concentration 


(TmPO4/GFR) 
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SUMMARY The ratio of maximum rate of renal tubular reabsorption of phosphate to glomerular 
filtration rate (TmPO,/GFR) was determined in 546 schoolchildren, aged between 6 and 17-9 years, 
using the nomogram of Walton and Bijvoet.1 TmPO,/GFR correlated with chronological age in 
girls and boys and in each remained significantly higher than in adults. TmPO,/GER in the children 
correlated neither with fasting serum immunoreactive calcitonin and parathyroid hormone levels 
nor with the urinary cyclic AMP excretion. The study showed a parallel decrease in TmPO,/GFR, 
excretion of total hydroxyproline and serum alkaline phosphatase activities after puberty, with a 
significant relationship of both these indices of bone turnover to TmPO,/GFR values. This indicates 
that the high renal phosphate threshold of children may be an important factor for bone mineralisa- 


tion by providing high extracellular inorganic p 


It is known that fasting serum PO, concentrations 
are high in children, and fall to adult values after 
puberty.2-4 Serum PO, levels are determined mainly 
by renal tubular PO, reabsorption, which shows a 
trarsport maximum (TmPQO,) above which all 
filtered PO, is excreted. TmPO, has been found to 
be proportional to the glomerular filtration rate and 
the measurement of the ratio TmPO,/GFR_ is 
preerred to other indices of the renal handling of 
PO,.° According to Walton and Bijvoet! an approxi- 
mation of TmPO,/GFR can be obtained without 
phosphate infusions. 

Studies on a few children have shown that 
TmPO,/GFR is increased in them.°~’ Thus inter- 
pretation of TmPO,/GFR in childhood requires a 
separate age specific normal range, which has not 
been established in a large study until now. In this 
study we have determined mean and range of 
TmPO,/GFR at different ages in healthy school- 
children using the nomogram of Walton and 
Bijvoet. 


Subjects and methods 


The ‘tudy was performed at an elementary school in 
Kiel and comprised 564 healthy children (291 girls 
and 273 boys) aged between 6 and 17-9 years. 
W-itten informed consent was given by the parents. 

After an overnight fast of at least 10 hours the 
bladder was emptied at 0700 hours and the urine 


hosphate concentrations during normal growth. 


flushed away. At about 0900 hours urine samples 
were collected by voluntary voiding. 

At the same time venous blood samples were 
obtained with minimum stasis, and serum was 
separated within an hour. PO, and Cr concentra- 
tions were measured in serum and urine samples of 
all the children on the day of collection. 

Serum and urine samples from 120 of these 
children, 60 girls and 60 boys, were stored at —20°C 
until analysed in duplicate for AP, iPTH, and CT 
in serum and for cAMP and total OH-P in urine. 
These children were divided into 2-yearly age groups 


Abbreviations: 


PO,: inorganic phosphate 


TmPO,: transport maximum of inorganic 
phosphate 

GFR: glomerular filtration rate 

Cr creatinine 

AP: alkaline phosphatase 

IPLB. immunoreactive parathyroid hor- 
mone 

Gi calcitonin 

cAMP: cyclic adenosine-3’,5’-monophos- 
phate 

OH-P: hydroxyproline 
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from 6 to 17-9 years, 10 girls and 10 boys being 
included in each group. PO, was determined 
by the method of Fiske and Subbarow8 using 
the test kit from Harleco (Merz and Dade, 
Munich, FRG), Cr with the Beckman autoanalyser, 
AP photometrically.2 iPTH was measured by 
radioimmunoassay according to the method of 
Hehrmann er al.!° using a pre “ominantly carboxy- 
regional antibody (S478), which can discriminate 
between hyperparathyroid patients and normal ones 
(normal range: <0-8-5-0 pmol/l), the intra- and 
interassay variance being 12:4 and 18-2% 
respectively. Serum CT was assayed by radio- 
immunoassay" using the test kit of Byk-Mallingrodt 
(Dietzenbach, FRG). The method is sensitive to 
about 40 pg/ml, the intra- and interassay variance 
being below 10% (normal range: <40-500 pg/ml). 
Urinary cAMP was measured by competitive protein 
binding.’* The intra- and interassay variance was 3-6 
and 8-7% respectively. Urinary OH-P was assayed 
using the Hypronosticon kit (Organon Teknika, 
Munich, FRG), the within-assay coefficient of 
variation being 2-9°4 and the interassay variance 
being 13.2%. 

The GFR was estimated as being equal to Cr 
clearance. 

The urinary excretion of PO, was expressed as: 


(1) the fractional PO, excretion (Cpo,/Cc,) accord- 
ing to Cr clearance (C) rate, calculated as urine PO, 


Table 1 


concentration xX serum Cr concentration/urine Cr 
concentration X serum PO, concentration, the units 
of measurement for the concentrations being 
mg/100 ml or mmol/l. 

(2) the urinary PO,/Cr ratio in ug/mg, and 

(3) urinary PO, as a function of GFR. This was 
calculated by multiplying the urinary PO,/Cr ratio 
in ug/mg with the corresponding serum Cr in 
mg/100 ml, to give a value in ug/100 ml GF. 


The fractional tubular reabsorption of PO, (TRP) 
was calculated as the complement of Cpo,/Cc, 


100 x (1 — Cpo,4/Ccr). 


The tubular maximum rate of PO, reabsorption 
in relation to GFR (TmPO,/GEFR) was calculated 
from a nomogram of Walton and Bijvoet! using 
the slide-rule method they recommended.!2 The 
method is based on data of Bijvoet and Morgan!4 
which showed a constant relationship between TRP 
and the ratio of TmPO,/GFR and plasma Po. 

The urinary cAMP excretion was expressed in 
relation to GFR (nmol/100 ml GF) by multiplying 
the values obtained relative to urinary Cr with the 
corresponding serum Cr. Urinary OH-P was 
expressed as OH-P/Cr (mg/mg). 

TmPO,/GFR, cAMP/GFR, AP, and OH-P/Cr 
were also determined in 24 healthy adults, 12 women 
and 12 men, aged between 20 and 40 years (physicians 
or laboratory staff ). 


Renal threshold phosphate concentration (TmPO4/GFR), serum phosphate, and other indices of renal handling 


of phosphate at different ages 
Index Age Girls 


Boys 


( years) EEEE ee eee ee 
n Median Mean SD Range n Median Mean SD Range 
TmPO,/GFR 6- 6-9 9 6-00 5-71 0-85 4-50-6-90 15 6-40 6-25 0-89 4-80-8 -00 
(mg/100 ml GF) 7- 7-9 27 6-50 6-40 0-83 4-70-8 -00 33 5-80 5-85 0-74 4-50-7-00 
8- 8-9 29 6-00 6-02 0-81 4-30-7-70 25 5-80 5-97 0-66 4-90-7-10 
9- 9.9 29 6-10 6-07 0-83 4-70-7-40 20 6-15 5-96 0-94 4-20-7-80 
10-10-9 19 5-70 5-84 0-94 4-40-7-70 27 6-10 5-89 0-96 4 -07-7 -50 
11-11.-9 27 5-70 5-71 1-08 3-94-8-20 31 5-25 5-21 0-72 3-88-6-60 
12-12-9 28 5-67 5-50 0-88 3-42-7-30 36 5-51 5-47 0-80 3-70-6-92 
13-13-9 31 5-58 5-50 0-88 3-30-7-25 29 5-85 5-89 0-78 4-27-7-47 
14-14-9 26 4-60 4.61 0-69 3-41-6-25 19 5-40 5-39 0-94 2.58-7.05 
15-15-9 22 4-45 4.59 0-83 3-25-6-41 10 4-70 4-69 0-72 3-60-5-90 
16-16-9 33 3-45 4-07 0-66 2-48-5-10 15 4-23 4-37 0-66 3-47-5-88 
17-17-9 11 4-17 3-99 0-51 3-18-4-57 13 4-13 4-27 0-66 3+ 33-5-90 
20-40 12 3-87 3-55 0-66 2-58-4-85 12 3-54 3-21 0-78 2-05-4-28 
TRP 6- 6-9 9 92-4 91-2 3-86 83 -9-95-8 15 94-5 94-1 2-68 86-8—98- 1 
(%) 7- 7-9 27 95-5 94.7 2-68 89 -0-98. 1 33 93-8 93-4 1-86 88 - 3-98. 1 
8- 8-9 29 93.4 93.5 2.26 85-7-97.5 25 93-6 93-8 2-01 90-7-98 -4 
9- 9.9 29 94.2 93-6 2-69 83. 5-97.2 20 94.0 94.1 2-64 88- 5-98. 1 
10-10-9 19 94-7 93-4 2-66 88 -7-97-9 27 94.4 93.4 3-78 82.1-99.3 
11-11-9 27 92-9 92-8 4-46 79 -9-97.-9 31 93-4 92-4 2-96 85 -9-96-7 
12-12-9 28 93-7 93-2 4-67 76-2-97.7 36 94.9 93.1 4-89 79-6-98.6 
13-13-9 31 94-6 93-1 4-46 81-1-98-5 29 95-4 94.7 2.41 88-1-98-7 
14-14-9 26 92.9 93.0 3-01 86 -8-98.3 19 94.0 92.6 4-29 80 -2-98 -4 
15-15-9 22 93-2 92-1 3-17 85-7-97-5 10 90-6 91-4 2-94 88 -2-95-7 
16-16-9 33 91-0 89-8 3-60 82-3-95-8 15 90-5 90-0 3-75 83-8-96-4 
17-17-9 11 90-5 89-9 3-50 82-7-95 -3 13 89-3 90-5 3-10 85-8-94-8 
20-40 12 89-5 89.9 4-30 80-7-96-1 12 89-3 87-8 5-00 81-3-95-5 
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Table 1—continued 





Index Age Girls Boys 
( years) eee 
n Median Mean SD Range n Median Mean SD Renge 
ca eg a A TEAL AE a ge 
Cro,/CCr x 100 6— 6:9 9 7-6 8-8 3-86 4-2-16-1 15 6-5 5-9 2-68 #9-13-2 
T= 7-9 27 4-5 5-3 2-68 1-9-11-0 33 6-2 6-6 1-86 }-9-11-7 
8- 8-9 29 6-6 6-5 2-26 2-5-14-3 25 6-4 6-2 2-01 E6- 9-3 
9- 9-9 29 5-8 6-4 2-69 2.-8-16-5 20 6-0 5-9 2-64 }-9-11-5 
10-10-9 19 5-3 6-6 2-66 2-1-11-3 27 5-6 6-6 3-78 0-07-17-9 
11-11-9 27 7-1 7-2 4-46 2-1-20-1 31 6-6 7-6 2-96 2-3-14:1 
12-12-9 28 6-3 6-8 4-67 2-3-23-8 36 5-1 6-9 4-89 1-4-20-4 
13-13-9 31 5-4 6-9 4-46 1-5-18-9 29 4-6 5-3 2-41 1-5-18-9 
14-14-9 26 7-1 7-0 3-01 1-7-13-2 19 6-0 7-4 4-29 )-6-19-8 
15-15-9 22 6-8 7-9 3-17 2-5-14-3 10 9.4 8-6 2-94 á.3-11-8 
16-16-9 33 9-0 10-2 3-60 4-2-17-7 15 9-5 10-0 3-75 3.6-16-2 
17-17-9 11 9.5 10-1 3-50 4-7-17-3 13 10-7 9-5 3-10 §-2-14-2 
20-40 12 10-5 11-1 4-30 3-9-19-3 (2 10-7 12-2 5-00 a. 5-18.-7 
UPO GFR 6- 6-9 9 437 447 240- 871 15 295 288 110- 710 
(ug 100 ml GF) 7-7-9 27 240 257 95-776 33 347 339 214- 617 
8- 8-9 29 331 32 145- 708 25 339 302 $1- 617 
9- 9-9 29 316 316 141- 912 20 288 275 187- 603 
10-10-9 19 309 309 117— 550 27 331 316 98— 871 
11-11-9 27 316 309 112-1096 31 309 324 142- 708 
12-12-9 28 282 269 135-1072 36 245 282 5-1096 
13-13-9 31 263 275 62- 832 29 257 234 55- 724 
14-14-9 26 295 251 66- 513 19 324 324 55-1000 
15-15-9 22 324 309 91-— 562 10 437 355 29- 575 
16-16-9 33 398 389 174- 851 15 372 389 i55- 759 
17-17-9 11 407 380 178- 661 13 513 363 6- 550 
20-40 12 347 275 129- 646 12 457 398 58- 708 
UPO,/Cr 6- 6-9 9 832 832 479-1820 15 575 562 239-1288 
(ug/mg) 7- 7-9 27 437 468 126-1698 33 617 603 353-1072 
8- 8-9 29 562 562 257-1175 25 603 562 ™§2-1000 
9- 9-9 29 525 525 234-1820 20 447 468 r74- 871 
10-10-9 19 525 513 182- 871 27 575 490 r70-1230 
11-11-9 27 468 447 148-1446 31 468 479 62- 977 
12-12-9 28 389 389 105-1698 36 398 398 i 12-1738 
13-13-9 31 389 380 87-1148 29 398 324 85-1072 
14-14-9 26 398 355 89-1380 19 363 407 93-1148 
15-15-9 22 417 380 120— 646 10 398 398 234- 661 
16-16-9 33 437 468 234- 955 15 363 417 134- 851 
17-17-9 11 513 490 234- 813 13 457 407 709- 603 
20-40 12 437 398 151= 776 12 417 398 145= 759 
SPO, 6- 6-9 9 5-49 5-46 0-30 4-87-5-80 15 5-30 5-41 0-47 4-59-6-17 
(mg/100 ml) 7-7-9 27 5-21 5-37 0-58 4-15-6-45 33 5-21 5-25 0-49 4-37-6-17 
8- 8-9 29 5-24 5-37 0-53 4-31-6-5l 25 5-30 5-26 0-43 4-28-5S-98 
9- 9.9 29 5.21 5-36 0-58 4-37-6-60 20 5-15 5.12 0-49 4.46-5-92 
10-10-9 19 5-12 5-15 0-47 4-28-6-11 27 §-12 5-27 0-57 4-03-6-57 
11-11-9 27 5-02 5-05 0-49 4:37-6:63 31 4-84 4-81 0-55 3-41-6-17 
12-12-9 28 4-81 4-81 0-49 4-03-6-29 36 4-76 4-82 0-45 4-06—5-86 
13-13-9 31 4-77 4-83 0-53 3-60-6-05 29 5-02 4-94 0-53 3-88-6-32 
14-14-9 26 4-21 4-20 0-43 3-38-5-12 19 5-02 4-95 0-50 3-97-5-80 
15-15-9 22 4-03 4-27 0-59 3-57-5-86 10 4-30 4-49 0-54 3-94-5-6l 
16-16-9 33 4-09 4-07 0-52 2-98-4-96 15 4-50 4-25 0-59 3-01-5-12 
17-17-9 11 3-81 3-99 0-42 3-47-4-93 13 4-15 4-20 0-50 3-53-5-33 
20-40 12 3-50 3-61 0-51 2.85-4-40 12 3-53 3-30 0-69 2-3344:19 


GFR 
phate; Cpo = clearance of phosphate; Cer = 
of phosphate in relation to creatinine; SPO, = serum phosphate. 


glomerular filtration rate; GF = glomerular filtration; TRP 





clearance of creatinine; UPO, 






fractional tubular reabsorption of phosphate; PO, = inerganic phos- 


- urinary excretion of phosphate; UPO,/Cr = urinary excretion 


*The values of UPO,/GFR and UPO,/Cr approximately follow log-normal distributions. 


Conversion: traditional to SI units: 
UPO,/Cr: 1 pg/mg = 3-65 pmol/mmol. 


Statistical analysis 


Mean and median values, regression equations, and 
correlation coefficients were calculated by standard 
methods using a Dec 11/60 computer. 


TmPO,/GFR and SPO,: 3-1 mg/100 ml = 


1 mmol/l; UPO,/GFR: 1 pg/100 ml x 0-32 pmol/l GF; 


Results 


Table | gives the mean and SDs as well as ‘he median 
and ranges for each sex and age 3roup for 
TmPO,/GFR, TRP, PO, /Cr-clearances, and urinary 
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PO, excretion in relation to GFR and Cr, and the 
serum PO, concentrations. 

TRP remained high until age 15 years in girls and 
until 14 years in boys; thereafter it decreased steadily 
to adult levels. The fractional PO, excretion 
(CPO,/Cc;) as well as PO,/GFR increased at an 
inverse ratio to TRP. 


The PO,/Cr ratio fluctuated until age 11 years, 
declined to low values after age 12 years, and 
increased again after age 15-16 years in both sexes 
without reaching the ratios found in children aged 
6-11 years. 

TmPO,/GFR and serum PO, declined with age in 
girls and boys. Fig. 1 shows the distribution of the 
individual values of TmPO,/GEFR in girls (n=291) 
and boys (n=273) according to their ages. 


Girls 
The PO, reabsorption decreased slightly from 6-0 


Females 


determined by Walton and Bijvoet, is also shown. 





to 13-9 years and decreased further therafter but had 
not reached normal adult levels at age 17 years 
(Table 1). The relationship between TmPO ,/GFR 
levels and age (6-0-17-9 years) had a negative 
correlation coefficient of r= — 0-64 (P<0-001). 


Boys 

TmPO,/GFR_ remained fairly constant until age 
10-9 years. At between ages 11 and 11-9 years there 
was first a decrease and then a steady rise until age 
13-9 years. Thereafter the values again declined 
until age 17-9 years, remaining still significantly 
higher (P<0-01) than the adult levels (Table 1). As 
in the girls a negative correlation was found between 
age (6-17-9 years) and TmPO,/GFR (r= —0-46, 
P<0-001). 

Serum AP rose until age 11-9 years in girls and 
until 13-9 years in boys and declined after age 
13-9 and 15-9 years in girls and boys, respectively 
(Fig. 2). Urinary OH-P/Cr remained fairly constant 
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Fig.2 Fasting serum alkaline phosphatase activities, urinary total hydroxyproline excretion (OH-P|Cr), and TraPO4/GFR 
in g'rls and boys in relation to age. In the children mean + SD levels of alkaline phosphatase and OH-P/Cr were 


determined every 2 years (n=10), whereas mean + SD values of TmPO4/GFR were calculated yearly (n= 


C36, Table 


2). For comparison the mean + SD levels of 12 women and 12 men aged 20-40 years are also shown. 


until age 13-9 years in girls and until 15-9 years in 
boys, followed by an exaggerated decrease thereafter 
in both sexes (Fig. 2). 

The levels of iPTH and CT in serum and 
cAMP/GFR showed no significant difference be- 
tween girls and boys and no age dependency. The 
median and ranges of iPTH (n=120) and CT 
(n=120) were 2-1 pmol/l (<0-8-5-4 pmol/l) and 
80 pg/ml (<40—420 pg/ml), respectively. The mean 
-SD value of cAMP/GEFR was 3-07-+0-80 nmol/ 
100 ml GF (n=120). As shown (Table 2) no correla- 
tion was found between TmPO,/GFR and iPTH, CT, 
and cAMP/GER respectively (P>0-05), whereas a 
significant relationship was seen between TmPO,/ 
GFR and OH-P/Cr and between TmPO,/GFR and 
serum AP (Figs 3 and 4). 

Serum AP correlated well with OH-P/Cr (r=0-63, 
n=120, P<0-001). 


Table 2 Relationship between TmPO,4/GFR and iPTH, 
CT, AP, cAMP/GFR, and OH-P/Cr in 120 sckool- 
children, aged 6-17 -9 years 





r P 
iPTH 0-15 NS 
GI 0-12 NS 
AP 0-27 <0-801 
OH-P/Cr 0-46 0-901 
cAMP/GFR —0-17 NS 


ee 


NS = not significant (P >0-05). 


Discussion 


Many factors are known to influence the renal 
handling of PO, by increasing (for example growth 
hormone and vitamin D metabolites) 1 er decreas- 
ing (for example PTH, CT, and oestrogens) `’ 
TmPO,/GER. 
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Fig. 3 Relationship between TmPO4/GFR and fasting 
urinary total hydroxyproline excretion (OH-P/Cr) in 
60 girls and 60 boys aged 6 to 17-9 years. 


AP (U/I) 
0 200 400 600 i 


Əs uod mnsawob /70qw] 


TmPO, / glomerular filtraticn rate ( mg / 100 ml) 


( 1/ }Otuw ) 





0 
0 200 400 600 800 


Fig. 4 Relationship between TmPO 4/GFR and serum 
alkaline phosphatase activities (AP) in 60 girls and 60 
bovs aged 6 to 17-9 years. 


This study shows that TmPO,/GFR values are 
significantly higher in girls and boys aged between 
6 and 17-9 years than in adults. Furthermore an 
age dependency and sex-difference was found in these 
children. 

Despite the fact that the renal PO, threshold was 
not measured directly the levels were similar to 


those found by phosphate infusions exhibiting 
TmPO,/GFR values of 4:97-0:61 mg/100 ml 
(mean-+-SD) in 15 children aged between 5 and 14 
years.’ In our study the age-related variation of 
TmPO,/GFR in schoolchildren did not correlate 
with serum CT, iPTH, or urinary CAMP/GFR 
levels, so no major influence of CT and PTH secre- 
tion or PTH-induced renal cAMP formation was 
shown on the increased renal tubular reabsorptive 
activity during childhood. On the other hand, we 
found there was a relationship between TmPO,/GFR 
and urinary OH-P excretion—reflecting bone 
resorption—and serum AP activity—reflecting bone 
turnover, particularly bone formation.® This 
indicates that the high renal PO, threshold may 
be an important factor for normal growth and it 
may provide high extracellular PO, for minerali- 
sation of growing cartilage and bone. Accordingly 
TmPO4/GFR, AP, and OH-P/Cr decreased in 
parallel in girls and boys (Fig. 2) during the age of 
rapidly declining height velocity. 

Growth hormone secretion,” 1 ,25-dihydroxy- 
vitamin D3,!" sexual maturation, and intrinsic 
differences in the renal tubules!® may influence the 
changing renal PO, threshold before, during, and 
after puberty. Such age-related differences in the 
renal handling of PO, should be taken into account 
when TmPO,/GFR is estimated in childhood. 
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Oxalosis in infancy 
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SUMMARY We describe 3 infants with nephrocalcinosis and terminal renal failure.|In all 3 there was 
widespread oxalate deposition: biochemical evidence of primary hyperoxaluria was sought but the 
presence of severe renal failure and the lack of established normal values for urinary and plasma 
oxalate and glycollate in infants made this diagnosis difficult to establish. 


Oxalosis is the widespread deposition of calcium 
oxalate crystals throughout the body.t In primary 
oxalosis a recessively inherited enzyme defect in 
organic acid metabolism causes oxalate accumu- 
lation; at least two types have been described in 
children and young adults but there have been few 
reports of the condition in infancy.*~’ The clinical 
consequences of primary oxalosis are mainly renal 
with nephrocalcinosis, stone formation, and pro- 
gressive renal insufficiency. Secondary oxalosis 
occasionally results from excessive intake of oxalate 
or its precursors (for example ethylene glycol 
antifreeze), but more commonly it results from 
decreased oxalate excretion in chronic rena] failure 
from any cause. We describe the investigations and 
clinical course of 3 infants with oxalosis and discuss 
the difficulties in establishing whether it was primary 
or secondary. 


Case reports 


Case 1. An 11-month-old boy was admitted to Guy’s 
Hospital with a short history of pallor and breath- 
lessness; unusual thirst had been noted from age 1 
month. He had been born in Kuwait of healthy 
unrelated Jordanian parents, and had 4 healthy 
siblings. His birthweight had been 3-75 kg. On 
admission his weight was 7-36 kg and blood pressure 
160 mmHg systolic. There was no peripheral 
oedema. A ‘pepper and salt’ retinopathy was noted. 
Details of plasma biochemistry are shown in Tables 1 
and 2. Abdominal x-ray film showed bilateral 
nephrocalcinosis; an intravenous urogram (IVU) 
showed no excretion of contrast, and a voiding 
cystogram was normal. A bone marrow aspiration 
from the left anterior iliac crest showed no oxalate 
crystals but a trephine biopsy from the same site 


showed typical birefringent crystals in the zone of 
endochondral ossification. Because of deteriorating 
renal function he required peritoneal dialysis. He was 
started on pyridoxine 150 mg daily. No improvement 
in his clinical or biochemical status occurred during 
the next 10 days and after a second short period of 
dialysis he was discharged. 


Case 2. A 34-month-old girl was admitted to The 
Hospital for Sick Children after a convulsion with 
renal failure. She was the first child of healthy, 
unrelated parents and had been born at term after a 
normal pregnancy. Birthweight had been 3-2 kg and 
the neonatal period was uneventful. She had failed 
to thrive since age 7 weeks with poor weight gain and 
increasing pallor, and then developed vomiting and 
diarrhoea 2 days before admission. By this time she 
was moribund, being pale, grossly oedematous, and 
in heart failure with a blood pressure of 150/80 
mmHg. Her weight was 5-4 kg. Optic fundi were 
normal and there were no other abnormal findings. 
Biochemical results are shown in Tables 1 and 2. 
An IVU showed no excretion of contrast, and a 
voiding cystogram showed a normal bladder and 
urethra, with bilateral vesicoureteric reflux inte both 
pelvicalyceal systems and a normal calyceal pattern. 
Her 24-hour urine volume was only Z0 ml; this did 
not increase after repeated doses of frusemide 
5 mg/kg, so peritoneal dialysis was ‘begun. When her 
condition had improved an open renal biopsy was 
performed; at operation the kidney was large, pale, 
firm, and did not bleed on incision. Histology 
showed normal glomeruli but there was markedly 


_ disturbed architecture of the renal parenchyma 


particularly in the cortex. Under partially polarised 
light there were numerous birefringent crystals with 
the classical fan-shaped pattern oficalcium oxalate. 
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These were situated in the tubular lumina and the 
interstitial tissue. Silver rubeanate staining for 
oxalate was also positive. A 24-hour urine volume of 
40 ml examined for organic acids by gas chromato- 
graphy and mass spectrometry showed no evidence 
of glycolic acid excess, no glyoxylic acid or glyceric 
acid; oxalate concentrations are shown in Table 2. 
The other organic acids were in the normal range 
except for raised lactic acid and high glucose 
metabolites (3-deoxyhexonic acid and the tetronic 
acids), presumably because of peritoneal dialysis. 
She was started on pyridoxine 80 mg daily in 
divided doses. However, her urine output remained 
scanty, dialysis was stopped, and she died a few days 





Table 1 /nitial investigation results in 3 infants with 

oxalasis 

aaae 

Plasme Case 1 Case 2 Case 3 

Sodium (mmol/l) 135 141 125 
(nomal 135-143) 

Potassium (mmol/l) 6-4 4-9 7-1 
(normal 4-1-5-6) 

Bicarbonate (mmol/l) 18 18 6-5 
(normal 1 8—22 

Urea ¢mme!/1) 32 28 67 
(normal 3 - 3-7-5) 

Creatininesyimol/I) 488 172 1384 
(normal 28-53 ) 

Calcium (mmol/l) 1-75 1-9 1-26 
(normal2- 13-—2-62) 

Phosphate(mmol/]) 3-75 ND ND 


(normat | -29-1 -78) 
Haemoglobin (g/dl) 9.0 4-6 8-9 
(normal 10-15) 


Urinary peotein +++ 0 co oo 
White blowd cells ( x 109/1) 22 0 100 

Red blood cells ( x 109/1) 8 0 0 

Culture No growth Nogrowth No growth 


Conversion: SI to traditional units—plasma urea: 1 mmol/l = 6-02 
mg/1@0 ml; creatinine: 1 mol/l = 0-0113 mg/100 ml; calcium: 
1 mmol/l + 4 mg/100 ml; phosphate: 1 mmol/l + 3-1 mg/100 ml. 
ND = nat done. 
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later. At necropsy the right kidney weighed 24 g and 
the left kidney 24 g (normal for age). Heavy oxalate 
deposition was confirmed in the renal cortex, in the 
bone marrow immediately adjacent to the costo- 
chondral junction, in the myocardium, and the 
obliterated ductus arteriosus. Other organs, 
including the brain, were normal. 


Case 3. A 6-month-old boy was admited to 
Derbyshire Children’s Hospital with a 4-week history 
of vomiting, intermittently at first and then persist- 
ently, and 48 hours of anuria. He was the second 
child of healthy, unrelated parents, and had been 
born at term after a normal pregnancy. Birthweight 
had been 3-6 kg. On admission he was tachypnoeic 
and irritable. His weight was 7-22 kg and blood 
pressure 110/60 mmHg. His fundi showed e flecked 
retinopathy. Bladder catheterisation yielded 5 ml of 
cloudy urine; a plain abdominal x-ray film showed 
bilateral nephrocalcinosis and an IVU wita tomo- 
grams showed a normal pelvicalyceal pattern. 
Peritoneal dialysis was began and the concition of 
the infant improved. Renal biopsy was performed 
and widespread oxalate deposition could >e seen; 
fluorescent staining showed no deposzion of 
immunoglobulins, fibrin, or complement. He was 
begun on pyridoxine, 200 mg/day, but there was no 
further clinical improvement despite repeated 
dialysis during the next 2 weeks. Treatment was 
therefore stopped and he died a few days ater. At 
necropsy the kidneys were of normal size (right 40 g, 
left 35 g) and were pale yellow on cut sections with 
poor corticomedullary demarcation. Histology 
showed normal glomeruli and vessels. There were 
oxalate crystals in the tubules and intersitium where 
there was a chronic inflammatory infiltrate. Deposits 
of calcium oxalate crystals were also fourd in the 
heart, lung, thymus, brain stem, adrenals, ep-didymis, 
and pancreas. His eyes were enucleated shortly after 


Table 2 Organic acid and creatinine analysis in 3 patients with oxalosis 








24-hcur urinary oxalate excretion, mmol/1-73 m2 (mg/1-73 m2) 
(ncrmai <0-46 mmol/1-73 m2) 

24-hour urinary glycollate excretion, mmol/1-73 m2 (mg/1-73 m2) 
(normal <0-34 mmol/1-73 m2) 

Urinary exalate/creatinine ratio 
(nerma! <0-086) 

Plasma Creatinine, pmol/l (mg/100 ml) 
(nerma! 28-53 pmol/l) 

Plasma oxalate, pmol/] (mg/100 ml) 
(nerma! 0-74—1-4 mol/l (7-13 mg/100 ml))* 

Plasma gtycollate, pmol/l (mg/100 ml) 
(nerma! 31 pmol/l (<2-4 mg/100/ml))* 








Case 1 Case 2 Case 3 

0-54 (49) 7 0-01 (0-9) ND 7 
0-67 (51) ND ND 

0-3 0-079 ND 

540 (5) ND 750 (8-3 

51 (459)* ND 33 (297) +-+ 

36 (2-7)* ND 26 (2-0-7 


Plasma gtycerate, pmol/l (mg/100 ml)+ ND ND 6-6 (0-@)+ 
*Enzymatic method + gas chromatography method. 


ND = Not done. 
tNormal range not established in children. 
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death, and the histological findings have been 
reported elsewhere.® The elder brother was investi- 
gated and his serum creatinine concentration, plain 
abdominal x-ray film, and urinary oxalate excretion 
were normal. 


Discussion 


Primary oxalosis is an inherited disorder character- 
ised by the excretion of excessive amounts of oxalate 
in the urine. Two distinct types have been described ;° 
in type 1, a deficiency of the soluble thiamine 
pyrophosphate-dependent carboligase enzyme, which 
converts glyoxylate to «a-hydroxy-$-ketoadipate 
(Figure) and causes excessive excretion of glycollate 
and glyoxylate as well as oxalate in the urine. In the 
rarer type 2 disorder, there is increased urinary 
excretion of oxalate and L-glycerate, but diminished 
excretion of glycollate and glyoxylate. Secondary 
oxalosis may be associated with pyridoxine de- 
ficiency, ingestion of large amounts of oxalate or its 
metabolic precursors, or with certain intestinal 
disorders—such as ileal resection, where there is 
increased absorption of the normal dietary oxalate.® 
The condition will also occur if renal clearance of 
oxalate is diminished, as in patients with chronic 
renal failure. Widespread tissue deposition of 
calcium oxalate crystals occurs in type 1 oxalosis 
(but not type 2), enteric hyperoxaluria, poisoning 
with ethylene glycol, xylitol, or methoxyflurane, and 
in renal failure.!® The main clinical effect is in the 
kidney with the development of nephrocalcinosis and 
stones leading to parenchymal destruction and renal 
insufficiency. Myocardial deposits of oxalate some- 
times cause conduction defects, cardiac arrhythmias, 
or sudden death. 

Oxalosis in infancy has been described at least 
6 times.*~? The infants presented at about 3—4 months 
old, with failure to thrive and poor appetite; 3 had 
convulsions before admission, one had nephro- 
calcinosis, and all died soon after admission. 
Oxalate excretion was increased in one infant,” 
although no information was available on the normal 
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range of oxalate excretion in infancy. Gibbs and 
Watts'! described the excretion of oxalate in normal 
children over age 2 years and showed that, by 
expressing the oxalate excretion as a function of 
surface area, the range of oxalate excretion does not 
change throughout childhood; it is not known 
whether this applies to the infant. 

When dealing with infantile oxalosis it is important 
to establish if the condition is primary or secondary. 
In our patients excessive intake of oxalate or its 
precursors seemed unlikely, and although primary 
oxalosis was the most likely diagnosis it had to be 
distinguished from chronic renal failure of a different 
aetiology. Our cases were all proved to have oxalosis 
at necropsy (Cases 2 and 3), or by biopsy and x-ray 
evidence (Case 1). In Case 1 the need for open renal 
biopsy was avoided by finding calcium oxalate 
crystals in the bone marrow cavity. The presence of 
these crystals in the bone marrow has long been 
recognised in patients with oxalosis, and Dunn! 
suggested bone marrow aspiration as a simple 
diagnostic test. However, in Case 1 the crystals could 
not be found in 2 bone marrow aspirate samples, but 
could easily be seen in the trephine biopsy specimen 
so we believe that trephine biopsy is the preferable 
diagnostic procedure in these patients. Evidence of 
primary hyperoxaluria was established in Case 1 
in whom oxalate excretion, corrected for surface 
area, was slightly raised, the oxalate to creatinine 
ratio increased as was the urinary glycollate level. 
The plasma oxalate was greatly increased, but the 
Simultaneous plasma creatinine was 540 „mol/l 
(6-1 mg/100 ml). Plasma oxalate levels can rise as 
high as 80 umol/l (757 mg/100 ml) in adults with 
advanced chronic renal failure from causes other 
than primary hyperoxaluria. Plasma oxalate is 
slightly raised in adults with primary hyperoxaluria 
and normal plasma creatinine levels, and rises 
disproportionately rapidly when renal failure 
intervenes.’ As the level of plasma creatinine is 
much lower in normal infants than in normal adults, 
and we have no information on normal plasma 
oxalate levels in infancy, we did not know if the 


Figure The glyoxylate, glycine, and 
ethanolamine cycle. 
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plasma oxalate was disproportionately high in 
Case 1. In Case 2, the biochemical diagnosis of 
hyperoxaluria was not established. The urinary 
oxalate excretion was normal. However, her urinary 
volume was greatly diminished, and the diagnosis of 
hyperoxaiuria is complicated by the presence of renal 
failure, æ urinary oxalate excretion may decrease 
and even fall within the normal range as renal 
failure becomes more advanced. In Case 3, urinary 
studies could not be undertaken as the patient was 
anuric. The plasma oxalate, measured by gas 
chromatography, was 33 umol/l (326 mg/100 ml) 
with a simultaneous plasma creatinine of 750 mol/l 
(8-48 mz/100 ml). The normal range for plasma 
oxalate using this method had not been established, 
but the elder brother of Case 3, who had no clinical 
or biochemical evidence of primary hyperoxaluria 
had a plasma oxalate level of 5-6 mol/l (53 mg/ 
100 ml). Thus although the plasma oxalate in Case 3 
was high it did not seem disproportionately so 
compared with his plasma creatinine level. Plasma 
glycerate measured by gas chromatography was 
6-6 unol/l (0-62 mg/100 ml) in the patient and 
22 wmotl/I (2-1 mg/100 ml) in his brother and plasma 
glycollate 26 umol/I (2 mg/100 ml) compared with 
68 wmal/l (5-2 mg/100 ml): normal ranges by this 
method have not been established in children. 

We are confident that these children had primary 
oxalosis. We then tried to determine which type; this 
is generally done by measuring urinary glycollate and 
glycerate but in renal failure their clearances may be 
reduced and the effect of peritoneal dialysis on 
plasma levels is unknown. Plasma glycollate was 
slightly raised in Case 1 and was normal in Case 3 
when compared with the normal adult range. Plasma 
glycollate is raised in adults with type 1 primary 
hyperexaluria both before and after onset of renal 
fai ure. whereas it is normal in adults with renal 
failure from other causes (G P Kasidas and 
G A Rose, 1980, unpublished data). Thus plasma 
glycollate is a useful differential diagnostic test for 
the type 1 disorder in adults. The high plasma 
concentration and increased urinary excretion of 
glycoliate in Case 1 are consistent with the type | 
disorder. In Case 2 the lack of excess glycollate and 
the absence of glyoxylate and glycerate in the urine 
(aithough oxalate was present) might suggest that 
some varient of the type 1 defect, or even a different 
enzymatic defect, may have been present but again 
the severity of renal failure makes interpretation 
difficult. The results in Case 3 are difficult to interpret 
because of lack of information about normal values 
in infants and the effects of renal failure and dialysis: 
they are not consistent with any known form of 
oxalasis. 

Our most is that the 


important conclusion 
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diagnosis of primary hyperoxaluria is difficult to 
establish in infants, especially in the presence of 
advanced renal failure. From the clinical course and 
the widespread tissue deposition of oxalate, primary 
hyperoxaluria remains the most likely cause of renal 
failure in all 3 infants; there was no evidence of other 
primary renal disorders nor was there expesure to 
oxalate precursors. The disorder is inherited as an 
autosomal recessive trait so it is particularly import- 
ant to try to establish the diagnosis so tha’ appro- 
priate genetic counselling can be given to the family. 
From our experience, and that of others, the 
prognosis of primary hyperoxaluria with oxalosis 
when it presents in infancy is very poor. Dia ysis and 
transplantation have been offered to older children 
with oxalosis but they may develop disablmg bone 
disease which is resistant to treatment and the 
disease can recur in the grafted kidney '* Such 
treatment would be hard to justify in infantile 
oxalosis and renal failure. We were unable to show 
any improvement in our patients’ condition with 
pyridoxine, but this could not reasonably have been 
expected as their disease was advanced. Prridoxine 
therapy is of clinical and biochemical benefit in 
adults with type 1 primary oxalosis’’ '® and if the 
diagnosis is made early in infants pyridoxine may be 
equally effective in them. 


We thank Professor C Chantler and Professor 
T M Barratt for permission to report Cases 1 and 2, 
Dr A Missen, Consultant Pathologist, Guy’s 
Hospital, for examining bone marrow >iopsy in 
Case 1, Dr R A Chalmers, Division of Inherited 
Metabolic Disease, MRC Clinical Researeh Centre, 
Harrow, for performing organic acid studies in 
Cases 2 and 3, and Dr T Farnan, Consultant 
Pathologist, Derbyshire Royal Infirmary, for the 
necropsy findings of Case 3. 
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Single dose trimethoprim-sulphamethoxazole treatment of symptoma ic 


urinary infection 
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SUMMARY Seventy-nine children with symptoms of 
urinary tract infections were randomly allocated to 
treatment with a single dose or a 7-day course of 
trimethoprim-sulphamethoxazole. Of the 42 patients 
(39 girls. 3 boys) who fulfilled the criteria for the 
trial, 23 were given a single-dose regimen and 19 of 
them a 7-day regimen. Both groups of patients had 
sterile urine cultures 2 days after starting treatment. 
Fight patients had underlying structural renal 
abnormalities (n=3, single-dose regimen; n=S, 
7-day regimen). One patient in the single dose group 
had a recurrence of infection on day 7. These results 
show that single dose  trimethoprim-sulpha- 
methoxaazole is as effective as the conventional 7-day 
course in children with symptomatic urinary tract 
infection. Further investigation of the renal tract is 
necessary regardless of the fact that the infection has 
been eradicated by single-dose treatment. 





In the management of urinary tract infection in 
children there are no clear guidelines concerning the 
duration of treatment. Studies on single-dose treat- 
ment in children have often excluded patients with 
congenital abnormalities! or clinical pyelonephritis.” 
Fairley et al. suggested that radiological abnor- 
malities were more likely to be present in adults who 
did not respond to single-dose therapy. 

This study was undertaken to assess the efficiency 
of single dose trimethoprim-sulphamethoxazole 
(TMP-SMX) compared with a 7-day course in 
children presenting to a hospital casualty with a 
symptomatic infection, including clinical pyelo- 
nephritis, and who had not been investigated 
previously. Radiological investigations were then 
performed attempting to show whether underlying 
structural abnormalities were more likely to be 
present in children who did not respond to single-dose 
treatment. 


Patients and methods 


Seventy-nine children aged between 6 months and 


12 years (n=33 <5 years, n=46 >5 years) with 
symptoms of urinary tract infections were raadomly 
allocated to a single-dose or 7-day course o TMP- 
SMX. Any patient with symptoms was accepted, 
including patients with loin pains and temperatures 
greater than 38°C. If microscopical examination of 
the urine showed pyuria or bacteruria, a second 
midstream specimen was obtained or (in children 
less then 18 months) a suprapubic aspiratDOn was 
performed. Antibiotic treatment (Table 1) vas then 
begun before the culture was available. The d agnosis 
of urinary tract infection was based on any growth 
from a suprapubic aspiration in children Iss than 
18 months, or bacteriuria (greater than 10™ml) on 
two consecutive midstream specimens in -hildren 
over age 18 months. 

Urine cultures were performed 2, 4, anc 7 days 
after starting treatment. The criterion for cure was 
eradication of the infecting organism. Eaeh child 
had an intravenous urogram, and those umder age 
5 years also had a micturating cystourethrogram. 


Results 


Forty-two of the 79 children fulfilled all the criteria 
for the study, 23 of whom were randomly allocated to 
single-dose treatment and 19 to a 7-day cours. 
Thirty-seven children were excluded fom the 
study. Of these, 27 did not meet the criteia for a 
diagnosis of a urinary tract infection, organsms in 3 
children were resistant to TMP-SMX, one child 
required intravenous therapy after vomiting single 
dose medication, 1 child had a previously dzagnosed 
structural abnormality, 2 children had in .dequate 








Table 1 Dosage schedule 

Course Age Trimethoprim Sulphametho=azole 
(years) (mg) (mg) 

Single dose <2 80 400 
2-5 160 800 
6-12 320 1600 

7-day <2 20 100 12 kourly 
2-5 40 200 12 kourly 
6-12 80 400 12 hourly 


LLL 


229 


230 Pitt, Dyer, McNee, and Burke 




















Table 2. Results of treatment 

Treatment Girls:boys Cure Relapse 
Single dose (n =23) 20:3 23 | 
7 day (n=19) 18:1 19 0 
Table 3 Symptoms and signs 

Symptoms A 
Frequency 50 
Dysuria 67 
Abdominal pain 57 

Fever 57 
Haematuria 21 
Abdominal tenderness 30 
Vulvovaginitis 34 





follow-up, and parents of 3 children refused radio- 
logical investigations. 

All 42 children in both treatment groups had sterile 
urine cultures 2 days after starting treatment 
(Table 2). One patient in the single dose group had a 
recurrence of infection (Escherichia coli) on day 7 but 
all other urine cultures remained sterile. 

Symptoms and signs at presentation are shown in 
Table 3. 

E. coli was the most common organism, being 
present in 21 of 23 urine specimens in the single-dose 
group and in 18 of 19 specimens of children in the 
7-day course. Proteus mirabilis was cultured in the 
remaining 2 children in the single-dose group and 
Klebsiella pneumoniae in the other child who 
received a 7-day course. 

Radiology showed renal scarring in 3 children 
(vesicoureteric reflux in 1) who received single-dose 
treatment. In the 7-day course, renal scarring was 
present in 5 children (vesicoureteric reflux in 3) and 
was bilateral in 2 children. Only one patient in the 
7-day group had vesicoureteric reflux without 
scarring. The child who had reinfection on day 7 had 
anormal pyelogram and cystogram. 


Discussion 


The results of this trial show that single-dose 
TMP-SMX is as effective as a 7-day course in 
children with symptomatic urinary tract infections. 
In the study performed by Kallenius and Winberg! 
27 of 29 girls were cured by single-dose sulpha- 
furazole but the children had been previously 
investigated and none of them had clinical pyelo- 
nephritis or renal scarring. The recurrence rate of 
infection was 52% within 2 months and 72 °% within a 
year and was no different from that of a 10-day course. 
Bailey and Abbott’ compared single-dose amoxy- 
cillin with a 7-day course in 26 children with 


symptomatic and asymptomatic infection, and 75% 
of them were cured by the single dose including 2 of 4 
children with radiological abnormalities. In another 
study Bailey and Abbott? showed that single dose 
TMP-SMX was as effective as a 7-day course in 20 
children with asymptomatic and symptomatic 
infection but that study did not include any patient 
with clinical pyelonephritis. Seven of 10 children 
were cured by single-dose TMP-SMX and 8 of 10 
children with a 7-day course. One child with a 
structural abnormality did not respond to single-dose 
treatment. 

This appears to be the first report of single-dose 
treatment for urinary tract infection in children 
with symptomatic infections, including clinical 
pyelonephritis, who had not been previously 
investigated. The higher dose of TMP-SMX in this 
study is perhaps the reason for the success rate 
being better than that of Bailey and Abbott.2 In 
particular this study shows that response to single- 
dose treatment does not identify children who are 
likely to have an underlying structural abnormality 
as all 3 children with renal scarring were cured by 
single-dose treatment. Fairley er a/.,° using a single 
dose of kanamycin, reported an 83°% cure rate in 
adults with a normal intravenous pyelogram but only 
a 37% rate in those with structural abnormalities. 
Russ et al.” reported that 82 °% of adults were cured by 
a single dose of TMP-SMX while 2 of 5 patients who 
failed to respond to single dose TMP-SMX had 
structural abnormalities; however radiology was 
performed in only 14 of 48 patients. On the basis of 
our findings we recommend that single-dose TMP- 
SMX be used for the initial management of urinary 
tract infection and that radiological investigations be 
performed in every child regardless of his response. 
Further studies however are required to show if the 
recurrence rate is higher after single-dose treatment. 

None of the children reported serious side effects. 
Vomiting necessitated treatment intravenously in one 
child who received a single-dose. This was probably 
related to TMP-SMX, as mild gastrointestinal 
symptoms have been noted in 3-4% of patients.® 
Haematological side effects—such as thrombo- 
cytopenia, leucopenia, and marrow aplasia—are 
idiosyncratic and rare. The recommended daily dose 
of TMP-SMX for the treatment of Pneumocystis 
carinit is considerably greater than the single dose 
given in this trial.® 7 

Patient non-compliance is always a problem in 
children. There are various reasons for this, but one 
is the decreasing parental enthusiasm once symptoms 
abate. Single dose TMP-SMX provides a safe. 
effective, economical dosage regimen, better 
tolerated by child and parent alike, that has particular 
application in outpatient management. 


Single dose trimethoprim-sulphalmethoxazole treatment of symptomatic urinary infectioa 231 


We tniank the Bacteriology Department for 
performing the urine cultures and T Dealy for 
secretarialassistance. 


References 


1 Kalenius G, Winberg J. Urinary tract infections treated 
with single dose of short-acting sulphonamide. Br Med J 
1979; i: B1 75-6. 

2 Bailey R R, Abbott G D. Treatment of urinary tract 
infection with a single dose of trimethoprim-sulfa- 
methexazole. Can Med Assoc J 1978; 118: 551-2. 

3 Fairley K F, Whitworth J A, Kincaid-Smith P, Durman O. 
Single dose therapy in management of urinary tract 
infection. Med J Aust 1978; ii: 75-6. 


1 Bailey R R, Abbott G D. Treatment of urinary-tract 
infection with a single dose of amoxycillin. Nephren 1977; 
18: 316-20. 

Russ G R, Mathew T H, Caon A. Single day cr single 
dose treatment of urinary tract infection with co- 
trimoxazole. Aust NZ J Med 1980; 10: 604-7. 

Rubin R H, Swartz M N. Trimethoprim-sulfamethox- 
azole. N Engl J Med 1980; 303: 426-32. 

Lipson A, Marshall W C, Hayward A R. Treatment of 
Pneumocystis carinii pneumonia in children. Arch Dis 
Child 1977; 52: 314-9. 


a) 


a 


~ 


Correspondence to Dr J R Burke, Mater Children’s Ħospital, 
South Brisbane, Queensland 4101, Australia. 


Received 27 October 1981 


Timing of neonatal cerebroventricular haemorrhage with ultrasound 


L CH DE CRESPIGNY, R MACKAY, L J MURTON, R N D ROY, AND P H ROBINSON 


Department of Obstetrics and Gynaecology, University of Melbourne, Royal Women’s Hospital, and 
Divis’on of Paediatrics, Royal Women’s Hospital, Melbourne, Australia 





SUMMARY Sequential real-time ultrasound examin- 
ations were performed in 174 neonates to determine 
the time of occurrence of cerebroventricular 
haemorrhage (CVH). Of the 47 infants in whom 
CVH was detected, in 36 (77%) CVH was present at 
the first examination. Of the 34 infants with CVH who 
were examined first within 6 hours of birth, 24 (71%) 
already had haemorrhage demonstrable at the initial 
scan Extension of a CVH after its initial detection 
occurred in only 3 infants. Of 124 consecutive 
infants af birthweights less than 1500 g, 38 (31%) 
developed CVH, 56% of the outborn and 27 % of the 
inborn babies. Our results indicate that most infants 
who develop CVH have done so within 6 hours of 
birth. 





Rea -time ultrasound equipment has assumed an 
important role in the detection of intraventricular 
haemorrhage in preterm infants. Since there is no 
known risk of the procedure and minimal disturbance 
to the neonate during its use, we considered it could 
be employed serially to time the occurrence of 
cerebroventricular haemorrhages (CVH) (that is 
germima layer or intraventricular haemorrhage). 


Subjects and methods 


During a 12-month period all infants weighing less 
than 1500 g at birth, together with those exceeding 
this weight who had other risk factors—such as 
severe hyaline membrane disease requiring assisted 


ventilation—were examined using an ADR real-time 
ultrasound scanner with a 7 MHz lineer array 
transducer. Examinations were performed as soon as 
possible after birth, repeated daily for 3 days, and 
then again at one week. The brain was examined 
using a series of oblique coronal sections threugh the 
anterior fontanelle by angling the transducer 
forwards then slowly rotating it backwards with the 
anterior fontanelle as the fulcrum. CYH was 
diagnosed when the appearance of echogeric blood 
clot was visible in, or immediately inferolateral to, 
the lateral ventricle. The extent of the haemorrhage 
in the anteroposterior direction was assessed by an 
oblique parasagittal scan. We had confirmed the 
accuracy of our technique previously by comparison 
with computerised tomography (CT) scans and 
necropsy results.! 


Results 


A total of 174 infants was studied. In 47 CVH was 
detected. Of the 124 infants of birthweight less than 
1500 g, 38 (31%) developed CVH. Of the 16 infants 
of birthweight less than 1500 g who were outborn, 
9 (56%) developed CVH (all these being present at 
the time of admission to our hospital), whele haem- 
orrhage occurred in 29 (27%) of the 108 very low 
birthweight infants born within the hosptal. This 
difference was statistically significant (P = 0-04, 
Fisher’s exact test). 

Haemorrhages in infants of birthweight less than 
1500 g were classified as follows: 13 haemorrhages 
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were grade I (less than | cm in size, presumed 
germinal layer), 10 grade II (filling less than half the 
lateral ventricle), 9 grade III (filling more than half 
the lateral ventricle), and 6 grade IV (extending into 
the brain parenchyma). In the infants of birthweight 
greater than 1500 g, 2, 4, 2, and 1 were grade I, II, III, 
and IV respectively. Examination at necropsy was 
performed in 10 of the 15 infants who died and in 
each the ultrasound findings were confirmed. 

Ultrasound examination was performed within 
6 hours of birth in 34 infants with CVH and in 24 
(71%) of them signs of the haemorrhage were already 
present. Furthermore, of the 47 infants who had a 
CVH, the ultrasound features were already present 
in 36 at the time of the first examination (Table 1). 
In the remaining 11 babies no haemorrhage was 
detected at the time of the first examination, but was 
visualised in the first 48 hours in 9, while haemorrhage 
occurred on day 3 in 2 infants. In 6 of the 11 infants 
who were noted as developing CVH after a normal 
scan, severe respiratory complications occurred at 
the time of the haemorrhage: blocked endotracheal 
tube (n = 2), pneumothorax (n = 1), or severe 
apnoea (n = 3). Ultrasound evidence of extension of 
the CVH after its initial detection occurred in 3 of the 
47 infants. The high incidence of early haemorrhage 
in this study was not owing to large numbers of 
either extremely preterm or small-for-gestational-age 
babies (Table 2). 


Table 1 Time of detection of cerebroventricular 
haemorrhage 





Time of examination Number of infants 


(hours after birth) 





Detected at first examination (n — 36) 


| hour 10 
I-<2 4 
2-< 3 3 
3-<4 4 
4-<6 3 
6-< 24 8 
24-36 4 
Detected after first examination (n= 11) 
1-< 48 9 
48-72 2 





Table2 Birthweight and gestational age of infants 
with cerebroventricular haemorrhage 








Birthweight Total no of infants No of SGA infants 
(g) (n=47) (n=4) 
500- 750 2 0 
751—1000 7 2 
1001-1250 14 l 
1251-1500 15 l 
1501 9 0 


SGA = small-for-gestational age (weight less than 10th centile). 


Discussion 


We have shown that most CVHs are already present 
within 6 hours of birth and that rarely they occur 
after 48 hours. In this study only 11 (23%) of the 47 
infants developed CVH after the first ultrasound 
examination. Once CVH was detected, extension of 
the lesion was found to be rare (3 of 47 babies). The 
incidence of CVH was 31% in our series of infants 
less than 1500 g birthweight, with a low incidence in 
inborn infants (27%), while in outborn infants the 
incidence of 56 % was similar to that found by others. 
This difference may be due to bias in selection of 
neonates admitted to this hospital or to problems of 
neonatal transport, but it may well reflect differences 
in the quality of perinatal care. Although most 
haemorrhages were present early in neonatal life and 
were not associated with pneumothorax,? pulmonary 
complications occurred at the time of CVH in 
6 of the 11 infants documented as developing 
haemorrhage after birth. 

Studies at necropsy suggest that CVH occurs early 
in the neonatal period and is rare before birth.? Using 
indirect methods of clot analysis, it has been esti- 
mated that most CVHs occur after the first 24 hours 
of life, or between 10 and 36 hours. Lee er a/.6 
attempted to time the occurrence of CVH using 
CT scans and showed that a haemorrhage was 
already present in 9 of 11 babies who were examined 
within the first 24 hours of life. Such findings are 
more in agreement with those of this study. Using 
ultrasound, Bejar er al.” also found that most 
haemorrhages were present from close to the time of 
birth, but their extremely high incidence of CVH is 
out of keeping with others. Our results contrast with 
a recent study by Levene eż al.8 who found that most 
haemorrhages occurred after the first day of life. In 
our study, which included a greater number of neo- 
nates, scans were performed closer to the time of birth. 

Our findings have implications regarding the 
management of very low birthweight infants. If, as 
our evidence suggests, CVH occurs either before 
delivery or very early in the neonatal period, the main 
aetiological factors are likely to be operative at this 
time and later complications—such as tension 
pneumothorax—are less frequent although potent, 
precipitating factors. From our continuing studies 
we hope to determine if CVH precedes delivery or is 
a condition that is solely related to neonatal factors. 
In this way a better understanding of the aetiology of 
the condition may emerge, thus allowing identifica- 
tion of preventable factors. 


We thank the medical and nursing staff of the 
Paediatric Department for assistance, and Professor 
Roger Pepperell for advice and encouragement. 
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ADR Ultrasound (Tempe, Arizona) supplied the 
ultrasourd equipment. 
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Normal values for mature and immature neutrophils in very 


preterm babies 
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SUMMARY Serial leucocyte counts were made on 24 


babies of less than 33 weeks’ gestation during the 
first 5 days of life. The values for mature neutrophils 
show two mnportant differences from those obtained 
by previows workers studying term babies, in that 
the counts were much lower on the first day of life 
and showed a wider range of values at all ages. In 
contrast, immature neutrophil counts, expressed 
either as absolute values or as a proportion of the 
total reutrophil count (the I/T ratio), were similar 
to those found in previous studies and had a con- 
siderably narrower range. 


Neutrophil counts are widely used to help diagnose 
infection m newborn babies.'~? Published reference 
ranges have been largely constructed using data from 
term or fairly mature preterm babies.” ë ë It has been 
suggested 7°7 that the neutrophil counts of pre- 
term babies differ from those of term babies, casting 
doubt onthe usefulness of these ranges when dealing 
with the very immature. Previous work on preterm 
babies has been with fairly mature infants! ë (M 
Xanthou and E Hey, 1981, personal communica- 
tions, s® we set out to determine the range of 
mature and immature neutrophil counts in healthy 
babies of not more than 32 weeks’ gestation. 


Patients and methods 


Twenty-four babies admitted to the neonatal inten- 
sive care unit at Hammersmith Hospital between 
June 1979 and August 1980 were studied wit their 
parents’ written consent and the approval əf the 
hospital’s ethical committee. All were 32 weeks’ 
gestation or less according to their mothers’ dates, 
and gestational assessment by the method of 
Dubowitz et al. Mean gestational age was 30-4 
weeks (range 26-32) and mean birthweight 1510 g 
(range 900-1900). 

Certain conditions were fulfilled to ensure that 
the infants could reasonably be considered healthy. 
There were 3 babies born after prolonged rupture of 
membranes and 8 with very mild and short-lived 
respiratory distress who had no clinical or laboratory 
evidence of infection. 

Blood was taken from each baby at 1, 12, 
24, 48, 72, 96, and 120 hours, although speci- 
mens were not obtained at every age frem all. 
A total of 124 specimens was taken from 24 babies 
using capillary blood from the heel; 0-2 ml cf blood 
was taken into a tube containing 0-3 mg of di- 
potassium EDTA. A total leucocyte count was per- 
formed using a Coulter counter. A blood flim was 
stained using a standard May Grunwald (Giemsa) 
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Table Values for mature and immature neutrophils 
and I/T ratios in the first 5 days of life 





Age Mature neutrophils Immature IIT ratio 
(hours) (x 107/D neutrophils 
(x 109 /D) 
Median Mean Median Mean Median Mean 
(range) (range) (range) 
(n= 10) 4-64 4-57 0-11 0-30 0-04 0-09 
: - 18) 0-1-5 (0-0-35) 
12 mei) 6-80 8-61 0-27 0-48 0-64 0-06 
-0-22.-48) (0-1-6) (0-0 -21} 
24 (n=17) 5-60 7°64 0-14 0-47 0-03 0-05 
61-21-20) (0-3-66) (0-0-17) 
48 (n==20) 4-98 6-24 0-13 0-44 0-02 0-05 
(1-02-1443) (0-2-15) 0-0-17) 
72 (822) 3°49 4-63 0-16 0-38 0-03 0-05 
1-28-13-94) (0-2-42) (0-0- 
96 (n=21) 3-44 5-33 0-23 0-45 0:05 06-07 
(1-37~16> 56) (0-3-93) (0-0 - 37) 
120 (n= 17) 3-46 4-98 0.25 0-05 0-07 
(1-27-15 -00) (0--2-89) (0-0-21 


method. A differential count was performed on 100 
leucocytes. A band cell was defined as a neutrophil 
in which the width of the narrowest segment of the 
nucleus is not less than one-third of the broadest 
segment.” 


Results 


Mature neutrophils. There was a wide range of values 
at each age particularly on the first day of life (Table). 
The values are not normally distributed; a few high 
values skew the mean upwards, so that at each age, 
except at one hour, the median is lower than the mean. 

The median mature neutrophil count rises from 
4-64 10°/1 (range 2-20-8-18) at one hour to 
a peak at 12 hours of 8-61x10°/l (range 4-0D- 
22-48) and levels out at 3-19x10°/] (range 1-28- 
13-94) by 72 hours. The values obtained from the 8 
babies with mild respiratory distress lay evenly 
within the range of the other 16 babies. 


Immature neutrophils. All band cells and cells less 
mature than band cells were classed together as 
immature neutrophils. The Table shows the results 
obtained at each age. There is no peak at about 12 
hours comparable with that seen with the mature 
neutrophils. All but 15 of the 124 values were less 
than 1-0x10°/1. 

The proportion of immature (I) to total (T) 
neutrophils—the I/T ratio—was also calculated for 
each blood count. The values obtained are shown in 
the Table. Only 13 counts had an I/T ratio exceeding 
0-14, of which only 5 exceeded 0-2. 


Discussion 


Our study is thought to be the first on healthy babies 


of such immaturity. Our results show broad simi- 
larities to thosé obtained from termi babies in the 
studies mentioned above,?5° but there are two 
important differences. 

The peak in mature neutrophil values seen at 12 
hours was considerably lower in our babies than 
that shown by other workers with term infants.1 2 5 8 
Akenzua’s median at about 13-5x10*/l is nearly 
double ours. Xanthou found a mean of 13-0x 10°/], 
although when she studied 14 preterm babies of 
considerably greater gestation than ours (M 
Xanthou, 1981, personal communication), the mean 
was very similar to ours at about 8-0 x 10°/1. Manroe 
found that at 12 hours 90% of her counts were within 
the range of 8-0-14-4x10°/1; 70% of our babies 
had values below this lower limit. 

After age 48 hours our median and mean values 
are close to the values obtained by others,? 55 but 
the range of neutrophil counts at each age is much 
wider in our babies.5® At every age from 12 hours, 
at least 30% of our babies had counts outside both 
Xanthou’s and Manroe’s ranges. Out of a total of 124 
counts, 63 were outside Xanthou’s range and 64 were 
outside that of Manroe; that is just over half of our 
counts are abnormal when compared with these 
ranges. In the first 48 hours most of these ‘abnormal’ 
values were below these two ranges, thereafter more 
were above them. 

These findings cast considerable doubt on the 
widespread practice of comparing mature neutrophil 
counts obtained from preterm babies with reference 
standards based largely on data from term babies. 
Furthermore, their value depends on the experience 
of the technicians performing them. 

In contrast, our values for immature neutrophils 
are not greatly different from those obtained by 
others. 5 § Several workers? 38 have suggested that 
the immature neutrophil count, either as an absolute 
value or expressed as the proportion of the total 
neutrophil count (the I/T ratio), is of more help in 
the diagnosis of infection than is the mature neutro- 
phil count. Our results, showing a considerably 
narrower range of normal for both immature 
neutrophils and I/T ratios, support this idea. 


We thank Stephen Coleman, Karen Grimett, and 
Arlene Levine for performing the differential counts, 
and Dr Pamela A Davies for helpful advice. 
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Oral converting enzyme inhibitor in malignant hypertension 


WILLIAM GRISWOLD, RICHARD McNEAL, DAN O'CONNOR., VIVIAN REZNIK, AND 


STANLEY MENDOZA 


Depar:ment of Pediatrics, University of California, San Diego, USA 


SUMMARY Malignant hypertension, which devel- 
oped in a 9-year-old boy after an episode of 
haemolytic uraemic syndrome, could not be 
controlled with antihypertensive agents. However, 
treatment with oral converting enzyme inhibitor 
(captopril) was effective in controlling the blood 
pressure and it averted bilateral nephrectomy. 
No adverse effects from the drug were noted. 


Captopril (SQ 14225), an orally active inhibitor of 
angiotensin converting enzyme, has been used for 
the control of hypertension in adults. The following 
case shows the striking effectiveness of captopril 
in a child with malignant, high renin, drug-resistant 
hypertension. 


Case report 


This 9-year-old boy had been in good health until 
December 1977 when he developed haemolytic 
uraemie syndrome. In the hospital, the patient was 
anuvic for 17 days and required peritoneal dialysis. 
As urine output resumed the blood pressure increased 
to 150/100 mmHg requiring antihypertensive 
therapy. The patient was discharged after one month 
with a serum creatinine concentration of 1-6 mg/100 
ml (142 umol/l). 

However one month later blood pressure rose to 
15C/110 mmHg and the patient was readmitted with 
papilloedema, plasma urea 29 mmol/l, and creatinine 
4-4 mg/100 ml (392 umol/l). Despite treatment the 
blcod pressure was poorly controlled and serum 


creatinine levels remained high. Urinary vanillyl- 
mandelic acid was normal. Intravenous pyelogram 
and technetium renal scan showed decreased renal 
function but were otherwise normal. Peripheral 
venous renin was greatly increased at over 100 ng/ml 
per hour (normal 0-5). Renal biopsy showed evidence 
of nephrosclerosis with severe endothelial prolifera- 
tion in the arterioles. Bilateral selective renal angio- 
grams showed loss of corticomedullary junction and 
interlobular arteries suggesting glomerular disease. 
Renin was 81-9 in the right renal vein and 111 ng/ml 
per hour in the left. 

His subsequent course was difficult, complicated by 
persistent hypertension despite treatment with 
various combinations of the following; propranolol 
480 mg/day (26 mg/kg per day), hydralazine 400 
mg/day (22 mg/kg per day), prazosin 12 mg/day 
(0-6 mg/kg per day), methyldopa 1500 mg/day 
(82 mg/kg per day), clonidine 0-8 mg/day (0-04 
mg/kg per day), minoxidil 40 mg/day (2-2 mg/kg per 
day), guanethidine 100 mg/day (5-5 mg/kg per day), 
and frusemide 400 mg/day (22 mg/kg per day). 
Heart size was persistently enlarged on chest x-ray 
film; echocardiogram showed left ventricular 
hypertrophy and pericardial effusion. Weight 
decreased to 18-2 kg. He was depressed and anorectic. 
There were 2 episodes of hypertensive encephalo- 
pathy. He underwent pericardiectomy for treatment 
of persistent effusion, probably due to minoxidil, in 
September 1978. 

In late December 1978, permission to usecaptopril 
for this patient was obtained from Squibb via a 
humanitarian protocol. Other antihypertensives were 
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Stopped in the morning and the patient was given 
6 mg of captopril (0-03 mg/kg per dose). Before 
captopril the blood pressure was 140/110 mmHg. 
Twenty minutes later it had fallen to 88/70 mmHg 
and a dopamine drip was started. The patient 
suffered no ill effects from the hypotension. 

During the next few days small doses of 1-2 mg 
(0-05—0-1) mg/kg of captopril were found to reduce 
the blood pressure for 3-34 hours if the pressure had 
again risen and was causing difficulty in titration of 
the drug. After 3 weeks the wide fluctuations in 
pressure ceased and blood pressure control was 
Satisfactory. 

In January 1979 the patient developed hyper- 
calcaemia. Parathormone was not detectable at 
serum calcium of 12-14 mg/100 ml (3-3-5 mmol/l). 
A diagnosis of immobilisation hypercalcaemia was 
made and the patient was treated with a high salt 
diet and frusemide. This regimen did not affect the 
blood pressure adversely and serum calcium fell to 
normal levels. 

Now 24 months after the first dose the patient is 
doing well on captopril 25 mg three times daily 
(1-9 mg/kg per day) and frusemide 20 mg twice 
daily (1 mg/kg per day). Blood pressure averages 
118/70 mmHg. Weight has increased to 40 kg, 
serum creatinine concentration is 1-2 mg/100 
ml (107 umol/l), 24-hour urine protein is normal, 
and plasma renin activity is 33 ng/ml per hour 
(normal 0-5) (Table). Chest x-ray film shows a 
normal cardiac silhouette: electrocardiogram is 
normal. 

A mild hepatitis has persisted throughout the 
patient’s illness. Liver biopsies obtained 1 and 9 
months after captopril were similar, each showing 
mild periportal inflammation without evidence of 
hepatic destruction. 


Table Details before and during treatment with captopril 


Before captopril 


Discussion 


Inhibitors of the renin-angiotensin system became 
available for clinical research in the early 1970s. 
The two main agents were saralasin, a competitive 
antagonist of angiotensin II, and teprotide 
(SQ 20881), an inhibitor of the enzyme converting 
angiotensin I to angiotensin II. Each of these agents 
has the disadvantage of requiring parenteral 
administration. Use in children has been limited.! 
An orally active inhibitor of the angiotensin con- 
verting enzyme has recently been developed.” It has 
had successful clinical application in several series of 
hypertensive adults.” Use of this agent has been 
reported in only one child. 

The mechanism of the antihypertensive effect of 


captopril may be in its ability to decrease production ` 


of the pressor angiotensin II and to increase produc- 
tion of the vasodilator bradykinin. Other mechanisms 
may also play a role.® Although the effectiveness of 
captopril did not correlate with pretreatment renin 
levels in adults, its antihypertensive effect was more 
Pronounced in patients with renovascular or 
malignant hypertension. This may indicate the 
reason for its effectiveness in our patient. The striking 
hypotensive response to an initial low dose of 
captopril in our patient should suggest caution in 
initiating similar treatment in children. 

Our patient had malignant hypertension after what 
appeared to be an episode of haemolytic uraemic 
syndrome. He had severe sequelae both from hyper- 
tension and its management. Use of captopril 
averted bilateral nephrectomy. The use of captopril 
simplified his medication regimen from 10 medica- 
tions to two. He has suffered no side effects and 
there has been a great improvement in his mental and 
physical condition. Captopril may prove to be a 


During captopril in 1979 

















December 1977 November 1978 February May November 

Blood pressure 150/100 150/100 120/85 120/80 130/84 
Weight (kg) 26 18-2 21 26 30-9 
Plasma urea (mg/100 ml) 91 105 69 30 37 
Creatinine (mg/100 ml) 2:1 3-0-5-1 1-2 l-1 1-1 
Renin (ng/ml per hour)* ND 19.2 ND 33 ND 
Plasma aldosterone (pg/ml)*+ ND 1037 ND 75 ND 
AST (1U/1) 200 156 ND 234 228 
Glutamic-oxaloacetic transaminase (U/l) ND 89 ND 287 296 
Bilirubin (mg/100 ml) p 

Total 1-5 1-8 ND 0-2 0-4 

Direct ND 0-3 ND 0-1 0-3 
24-hour urine protein (g/24 hour) ND 1-1 ND 0-202 0-009 

9 


Creatinine clearance (ml/min per 1-73 m2) ND ND 33 46 
*Normal 0-5 ng/ml per hour, tnormal 13-114 pg/ml. 


Conversion: traditional units to SI: Plasma urea | mg/100 ml % 0-357 mmol/l, creatinine | mg/100 ml = 89 mmol/l, bilirubin 1 mg/100 mg ~ 


17-1 pmol/l. 


Y 
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useful agent in the management of other children 
with severe hypertension who are nonresponsive to 
the usual medical management. 

Two important changes in the renin-angiotensin 
system were observed after treatment with captopril. 
Captopril lowered plasma aldosterone by blocking 
the preduction of angiotensin II, a known stimulator 
of adrena! aldosterone production. Captopril also 
increased plasma renin levels, presumably by 
interrupting the negative feedback loop which 
controls remin secretion. 

Improved creatinine clearance after captopril, 
which was seen in our patient, has been reported in 
adults ° The cause of this change is unknown, but 
renal vasodilatation, decrease in nephrosclerosis, and 
resolution of the haemolytic syndrome may each 
have played a role in the patient reported here. 

Captopril has several apparent advantages over 
minoxidil. another agent useful in severe hyper- 
tension.’ Minoxidil causes pronounced sodium 
retention which must be aggressively managed with 
dietary sodium restriction and diuretics. While 
receiving captopril and frusemide our patient was 
able to tolerate a high salt diet for treatment of 
immcbilisation hypercalcaemia without adverse 
effects on blood pressure. The ability to tolerate salt 
results, in part, from lowered aldosterone levels. 
The hirsutism caused by minoxidil has limited its 
usefulness in children. 

This patient has had hepatitis throughout the 
illness. The aetiology of the hepatitis is unknown. 
The dossibility that our patient had an exacerbation 
of hepatitis due to captopril cannot be completely 
excluded. However, according to the Squibb monitor, 


hepatotoxicity has not been observed in other patients 
receiving captopril. 


Captopril was supplied by Squibb uncer a 
humanitarian protocol. 
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Oxygen embolus during mechanical ventilation with disappearance of 


signs after death 


P T RUDD AND J S WIGGLESWORTH 


Department of Paediatrics and Neonatal Medicine, Hammersmith Hospital, London 


a n a 
SUMMARY Oxygen embolus is thought to be a rare 
complication of mechanical ventilation in preterm 
infents. In the patient described there was clinical 
anc radiological evidence of embolisation within 
the heart and great vessels, but at necropsy gas was 
seen only in the cerebral arteries. 


a EEE 


Case report 


This boy (birthweight 900 g) was the second of 


undiagnosed twins delivered by lower segment 
caesarean section from a woman with severe pre- 
eclampsia at 29 weeks’ gestation. He was transferred 
to this hospital at 4 hours, receiving artificial 
ventilation because of idiopathic respiratory distress 
syndrome (LS ratio 1-5: 1). Despite ventilation at 
low peak pressure (14/2 cm of water) he developed 
pulmonary interstitial emphysema followed by a 
pneumothorax at 26 hours. A chest drain was inserted 
but he became acidotic and hypoxic, responding to 
high rates of ventilation as well as to buffer and 
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tolazoline. When 40 hours old, while ventilated in 
100% Oy, at a pressure of 26/2 cm of water, he became 
bradycardic and hypoxic. Transillumination of the 
chest failed to showa pneumothorax and there was no 
improvement in his condition after reintubation. 
During resuscitation blood was withdrawn 
from the umbilical artery catheter and this was 
found to be mixed with gas. Just before death 
crepitus was detected in the neck, and the skin over 
the blood vessels of the face and neck became white. 
An x-ray film at this time (Fig. 1) showed gas in the 
portal circulation, in the chambers of the heart, and 
the vessels of the neck. A chest x-ray film taken at 
the start of the necropsy examination 24 hours later 
(Fig. 2) showed no evidence of intravascular gas, but 
examination of the infant showed features of hyaline 
membrane disease and pulmonary interstitial em- 
physema, with gas bubbles present only in the 
anterior cerebral arteries. 





Fig. | 
gas outlining the cardiac chambers, with gas in the 
hepatic arteries as well as in major vessels of the head 
and neck. Oxygen in the carotid artery is shown hy 
arrow. 


Chest x-ray film at the time of death showing 





Fig. 2 


Chest x-ray film taken 24 hours after death. 
Discussion 


Gas embolism has been described in infants receiving 
mechanical ventilation. In previous reports 
pulmonary interstitial emphysema,! 2 45 or pneumo- 
thorax? 4 was evident before embolisation occurred. 
Although many of the infants reported were 
ventilated at high peak inspiratory pressures, in 
others the pressure was less than 30 cm of water.! ê 
as in Our Case. 

It is suggested that gas enters the pulmonary 
venous system and is sucked into the systemic 
circulation when alveoli burst during mechanical 
ventilation and when the intra-alveolar pressure 
exceeds the pulmonary venous pressure.2 In 
experiments on cat lungs, Grosfeld er a/.? showed 
that at ventilatory pressures of 50 cm of water 
pneumothorax and pneumomediastinum occurred, 
while at 70 cm of water there was intracardiac gas 
embolisation. 


Oxygen embolus during mechanical ventilation with disappearance of signs after death 239 


We suspect that oxygen embolisation occurs more 
frequently than has been reported, as infants may 
collapse and die too quickly for a chest x-ray film 
to be pe-formed in life. Radiology at necropsy has 
been recommended as an aid to detection of air 
embolisn.® but this may be misleading in cases of 
oxygen embolism as this gas will diffuse out of the 
circulation after death. 
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Correspondence 


Use of the child health clinic 


Sir, 

We welcome the Thomas Coram Centre team’s success 
in achieving nearly 100% attendance at their inner city 
clinics. It shows that high attendance rates can be 
achieved without resorting to Draconian measures. 
However, we challenge whether it represents an ‘ideal’ 
service, or whether frequent attendance should be 
synonymous with ‘good’. 

The team’s system of 7 formal physical, developmental, 
and behavioural checks by a doctor before age 5 years, 
in addition to non-routine consultations, uses a great 
amount of medical time. Our experience in less well- 
staffed clinics shows that such a system results in the 
doctor being too busy to spend sufficient time with a 
child with a difficult problem, and encourages the child 
most at risk not to attend. We doubt if repeated routine 
consultations reveal persistent (rather than transient) 
remedial abnormalities hitherto undetected; perhaps the 
Thomas Coram Centre has some data on this subject. In 
a group of 252 children (most of them under 2 years) 
routine examinations at an inner city clinic in Nottingham 
revealed only one child with an abnormality of clinical 
significance that had not previously been detected. 

As practising clinic doctors we wonder to what extent 
routine checks duplicate, and therefore undermine, the 
work of health visitors and parents. Is the health visitor, 
parent, general practitioner (GP), or clinic doctor best 
at detecting abnormalities? In poor countries there would 
be no doctor available to make frequent medical checks 
on children; such primary care would be the responsi- 
bility of nursing staff with very basic training. In this 
country we deny well-trained health visitors such respon- 
sibility by insisting that checks are made by a clinic 
doctor. Surely primary detection is part of the role of the 
health visitor? We suggest that the clinic doctor or GP 
should have a secondary role: he should make fewer 
checks and look at problems identified by parents or 
health visitors. We are developing such a system in 
Nottingham. 

Obviously this system will be successful only if there 
are sufficient staff and they are of adequate quality. 
Hart et al. make this point for doctors; we would make 
it equally strongly for health visitors. It is a pity that the 
DHSS does not have current guidelines on the patient 
load appropriate to health visitors. Hart et al. implied a 
norm of | health visitor for 200 families with children 
under 5 years, but this would not be adequate for inner 
cities. As the health visitor would also have older children 
and pensioners on her case load, we would prefer a ratio 
of 1 health visitor for 100 families if her role were to be 
enlarged to include primary screening. 

Finally we are concerned that an ‘ideal’ service appears 


to exclude the GP. The role performed by Hart et al. 
would appear to be very similar to that performed by a 
GP (paediatrician), and we believe that a strong primary 
care service for children under 5 should integrate the GP 
and not bypass him. 
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Dr Hart and co-workers comment: 


We are grateful for the opportunity to make some slightly 
more polemic points than we did in our paper. We are 
not sure what Hendrickse et al. meant when they said 
that only one child with an abnormality of clinical signi- 
ficance was detected. We suspect that they were referring 
to abnormalities of those systems of the body that are 
morphogenically fully developed in broad terms at or 
around birth, and not to those in which morphogenesis 
continues throughout the early years of life of which the 
main example is the central nervous system. It is therefore 
not surprising that the abnormalities one detects during 
the early years of life are associated with development 
and behaviour. For example, we do not find cases of 
congenital heart disease as these are detected on initial 
investigation. Developmental and behavioural disorders 
are common to all ages,'* and as such problems are 
present in one in 5 of the population, regular assessment 
by a paediatrician seems reasonable to us. 

We are not necessarily committed to each one of the 
7 examinations we report. In fact we think that the 14 
to 2 years assessment is of great significance, as we begin 
to try to understand why so many children have problems 
of the development of communication. We do not want 
drastically to reduce the number of times we see a child 
nor do we believe that the proposal to ask health visitors 
to do developmental assessments a sensible one; as we 
stressed, the developing functions are assessed as part of 
the overall paediatric examination of the child. If the 
health visitor were to take on this new function her other 
activities would have to be curtailed. 

As more is learnt about the early problems of develop- 
ment it is likely that the health visitor will spend more 
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and not less of her time visiting toddlers, and if this 
happeas she will simply not have time to take on new 
activities. 

We believe that every health visitor should have a 
thorough understanding of child development and have 
a mertal checklist each time she sees a child to make 
sure that all is going well. The health visitors we have 
worked with do paediatric work only and have case 
loads of about 200. They are busy, and we agree that a 
smaller case load would be better. 

Of course we agree that in the future the GP in some 
areas may be the trained doctor who works at the clinic. 
We did net mention this because in our own inner urban 
areas contact with GPs has been restricted and difficult. 
This s because in our fairly small geographical areas a 
large mumber of doctors had been in touch with the 
children—namely 548 children had seen 72 different GPs 
in Camden, and 322 children had seen 80 GPs in 
Westminster. 

We do not claim that our service is ideal; the point of 
our paper was to stress that families come readily to a 
clinic where there are trained personnel to assess the 
children, advise about problems with child rearing, and 
care for children who have difficulties. 

Finally, this is a developed country and we believe it 
can and should afford a better primary care paediatric 
service than it provides at present. 
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Transient neonatal hyperpara- 
thyroidism secondary to maternal 
pseudohypoparathyroidism 


Sir, 

I read with interest the paper by Glass and Barr.! 
When I studied the right distal femur I thought that this 
baty had rickets (congenital) owing to the long-term 
ma‘ernal anticonvulsant treatment that had been given 
for maternal pseudohypoparathyroidism. The results of 
the biochemical investigations carried out in the l-week 
old baby seemed to me to be compatible with rickets 
inc uding the low to normal plasma calcium level which 
would surely have been raised had the hyperpara- 
thyroidism not been related to congenital vitamin D 
deficiency. Although hyperparathyroidism is always 
present in vitamin D deficiency rickets, as it was in this 
baby, the reverse is not expected. Her very low 25- 
hydroxycholecalciferol values (4-8 ng/ml) would most 
likely be related to low maternal plasma 25 (OH) CC 
level.2. Therefore, should the title not be congenital 
rickets secondary to long-term maternal anticonvulsant 
treatment due to maternal pseudohypoparathyroidism ? 


Correspondenee 241 
This change in title is important for all pregnant women 
who are on anticonvulsant treatment. 
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Neurological reactions to pertussis 
vaccination 


Sir, 

This is always an interesting subject but surely statistical 
studies, although fascinating, must be backed by scientific 
studies of mechanisms. What is the nature of the (pre- 
sumably) immunological reaction? Has anyone detected 
anti-pertussis immune complexes in any of thesechildren ? 
Has anyone done fluorescent studies of the train? Do 
immunological disasters affect other organs ? Way should 
an immunological reaction be more likely in a child with 
previous brain damage (if this is statistically the case)? 
Surely the time has come for an intensive study of 
individual cases of immunisation reactions. 


I M CONNOR 
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Canada 


Women in paediatrics 


Sir, 

I wholeheartedly support Dr Savage’s views; I think that 
the BPA should make much more effort to investigate 
the needs of married women doctors who wish to work 
in paediatrics. 
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This correspondence is now closed. Any further letters 
should be addressed to Professor Sir Peter Tizard (c/o the 
British Paediatric Association) who has resolved to solve 


the problem. 
Editor 
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Sedating the wheezy child 


Sir, 

We read with interest the report on the bronchodilator 
effect of inhaled ipratropium bromide in wheezy toddlers.! 
In their study Hodges et al. sedated all wheezy children 
with chloralhydrate. 

Although sedating a wheezy child may be a safe 
practice in units in which repeated measurements of 
respiratory function are made and if necessary ventilation 
instituted, in the absence of such facilities sedation of 
wheezy children is not recommended as it may suppress 
respiratory drive and lead to carbon dioxide retention 
and anoxia.? 
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Professor Milner and co-workers comment: 


We do not recommend giving strong sedatives to babies 
with acute severe respiratory problems. The babies we 
studied were not critically ill but they were still wheezy. 
Currently sedation is a prerequisite for lung function 
assessment in young children: this may to some extent 
modify their breathing pattern but on none of several 
hundred occasions in which we have given chloralhydrate 
did we notice any adverse effect. 

We should like to point out that the dose of ipratropium 
bromide given in the legend to the Figure should read 
250 ug and not 25 ug. 


Oral chlormethiazole in childhood 
epilepsy 


Sir, 

Intravenous chlormethiazole (Heminevrin) has found a 
useful place in the management of status epilepticus since 
‘the first report of its use. Although its use orally in status 
epilepticus has been reported,? there appears to have been 
no report of its long-term use in the management of 
difficult cases. Three children are reported, refractory to 
other anticonvulsants, who responded well to oral 
chlormethiazole. 


Case 1 

A 2-year-old child presented with an acute encephalo- 
pathy leaving her with severe epilepsy which failed to 
respond to doses of carbamazepine, sodium valproate, 


phenytoin, or phenobarbitone. Her electroencephalogram 
(EEG) was characterised by seizure activity particularly 
in the left hemisphere; she had a tendency to right-sided 
clonic seizures and had a right-sided hemiparesis. She 
was admitted aged 3 years weighing 13-8 kg in status 
epilepticus which failed to respond to intravenous 
diazepam, lignocaine, L-dopa, or steroids either singly or 
in combination. Intramuscular paraldehyde produced 
only a temporary response. Intravenous chlormethiazole 
was begun at 20 ml per hour with good effect, but when 
the rate was reduced the convulsions reappeared. She 
was therefore started on oral chlormethiazole mixture 
100 mg increasing to 300 mg 4 times a day as the infusion 
was stopped. She was eventually stabilised on 200 mg 
3 hourly during the day and 400 mg at night, as 6 hourly 
dosage led to some fitting. Apart from some fits at night 
She was well controlled on a combination of chlor- 
methiazole at this dosage and phenobarbitone 15 mg 3 
times a day. Two months later she underwent corpus 
callosal section with some improvement in control and 
could be weaned off the chlormethiazole after 4 months’ 
treatment. There were no side effects apart from tem- 
porary diarrhoea and vomiting which settled 
spontaneously. Haematological and biochemical values 
remained normal throughout. 


Case 2 

A 5-year-old girl with a history of left-sided seizures from 
age 6 weeks, of unknown aetiology, developed generalised 
convulsions at age 16 months. These proved difficult to 
control responding only poorly to phenytoin, sodium 
valproate, clonazepam, carbamazepine, primidone, and 
imipramine either singly or in combination. She was 
markedly developmentally delayed. Her EEG showed 
abnormal background of delta and beta activity with 
frequent sharp and slow wave complexes particularly 
over the right hemisphere. 

She was readmitted with a 48-hour history of frequent 
convulsions interspersed with a semi-conscious State. Her 
weight was 14-7 kg and she was receiving carbamazepine 
200 mg 3 times a day, sodium valproate 200 mg twice a 
day, and 400 mg at night. Intravenous diazepam and 
phenobarbitone failed to control her convulsions 
without rendering her totally unconscious. On substitut- 
ing intravenous chlormethiazole her convulsions came 
under control and she was subsequently weaned on to 
oral chlormethiazole mixture, 360 mg 3 to 4 hourly, 
540 mg at night with good control. She has remained on 
chlormethiazole in combination with carbamazepine and 
sodium valproate, and her epilepsy has been well con- 
trolled with only an occasional convulsion although her 
fits start again if she misses a dose of chlormethiazole. 
She has now been on this combination for 5 months and 
awaits surgical management in the near future. Her 
haematological and biochemical values remain normal. 


Case 3 

The patient, one of triplets, developed hydrocephalus 
and porencephaly secondary to intraventricular haem- 
orrhage; she subsequently developed ventriculitis and 
shunt colonisation. This was eventually controlled. but 
she developed infantile spasms and myoclonic seizures, 
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occurring up to 20 times a day, in bursts with several 
hours between. Her EEG, at age 1 year, showed high 
voltage delta theta waves, spikes and sharp waves, with 
a tendency to periodicity. She failed to respond to 
benzodiazepines, sodium valproate (maximum serum 
level 940 nmol/l), carbamazepine, or corticosteroids. 
When chlermethiazole 75 mg was given as a single dose 
each day the seizures stopped, without sedation or side 
effects. She weighs 9 kg and is also receiving clonazepam 
0-2 mg twice a day and sodium valproate 200 mg twice 
a day 

Nore of the children has experienced any of the com- 
mon side effects of chlormethiazole such as fever, 
headache, respiratory depression, bronchorrhoea, sneez- 
ing, hypotension, or changes in heart rate? è although 
Case 1 had a transient gastrointestinal upset which 
settlea spontaneously without stopping treatment. 

These were undoubtedly difficult cases and under the 
circumstances it was felt justifiable to continue the use 
of a drug which had not yet been recommended for use 
in young children. Although control was not perfect in 
Cases 1 and 2 the patents were pleased with the response. 
Case 3 has been free of fits for 4 months and is showing 
evidencesof rapid developmental advance. 

Addiction and withdrawal reactions have been 
reported after high dosage regimens’ but were not a 
problemin Case 1. Sedation was a problem in none. 

Chlormethiazole has been reported to have a short 
half-life. about 50 minutes in two early studies" 5 although 
in ycung healthy adults without alcoholism the half-life 
after an oral dose was 6 hours using a more sensitive 
method.” Pharmacokinetic studies have not been carried 
out in the paediatric age group, but our impression was 
that effective anticonvulsant action diminished after 4 
hours in the two older children. This short half-life means 
the drug can easily be tailored to each patient’s needs. 
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The long duration of action in Case 3 has net been 
explained. 

Oral chlormethiazole may be a useful adjunct in the 
management of difficult cases of childhood epilepsy. 


| thank Dr K M Goel, Royal Hospital for Sick Children, 
Glasgow, Scotland, and Dr David Fung, Wadllington 
Hospital, Wellington, New Zealand, for permission to 
report on patients under their care. 
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Book reviews 


Pediatric Cardiac Dysrhythmias. Volume 
editors P C Gillette and A Garson, Jr. 
Clinical Cardiology Monographs Series. 
Series editors J Willis Hurst and D T 
Mason. (Pp. 474; illustrated + tables. 
$44-50.) Grune & Stratton: New York. 
1981. 


There are few books that deal with dis- 
orders of cardiac rhythm in children, and 
doubtless Gillette and Garson have 
accumulated much of the available, if 
limited, experience in this one. However 
the experience is uniquely American and 
there is a lack of reference to experiences 
obtained in European centres specialising 
in paediatric cardiac arrhythmias. 

The first three chapters deal with the 
diagnosis and assessment of cardiac 
arrhythmias; in particular the first 
chapter gives a comprehensive review of 
deductive electrocardiography, making 
use of a consistent format for figures of 
ECGs. New investigation techniques that 
can specifically be applied to children are 
considered. Practical aspects are particu- 
larly well covered and there are useful 
guidelines for paediatric physicians work- 
ing in this field. 

In chapter 4, basic electrophysiological 
principles are reviewed and antiarrhythmic 
therapy in general. If differences exist in 
the use of drugs between adults and 
children, these are stressed but it is clear 
that more experience in this field is 
needed, and no doubt later editions will 
be necessary. 

The next 6 chapters deal with specific 
cardiac arrhythmias from extrasystoles to 
ventricular tachycardia, including the re- 
entrant supraventricular arrhythmias so 
often a problem in children. Chapters 
11-14 deal with disorders of AV conduc- 
tion, and chapter 15 with cardiac pace- 
makers used in the management of such 
disorders. Chapter 16 considers the surgi- 
cal treatment of refractory tachycardias. 

There is a useful appendix giving pro- 
tocols for the investigation of certain 
arrhythmias, and the index is relevant 
and well planned. 

In the absence of other reference text- 
books on the subject, this book is essential 
reading for paediatricians and is a must 


for libraries. 
P V L CURRY 


Pediatric Clinical Chemistry, a Survey of 
Reference (Normal) Values, Methods, and 
Instrumentation, with commentary, second 
edition. Edited by S Meites. (Pp. 513: 
illustrated + tables. Price not given, hard- 
back.) The American Association for 
Clinical Chemistry : Washington DC. 1981. 


The aim of this book was to enlarge and 
refine the collation of reference values for 
paediatric clinical chemistry begun with 
the first edition in 1977. The result is an 
A to Z, literally acetaminophen to zinc, 
containing normal ranges for more than 
200 analytes together with detailed refer- 
ences to data sources and the analytical 
methods used. Each entry has a standard 
format which also includes essential 
details of specimen volume, collection 
and preservation, and any special patient 
preparation required. The entries are 
rounded off by critical commentaries dis- 
cussing the choice of analytical method 
and factors that might significantly affect 
results. Additional commentary is pro- 
vided by introductory chapters on 
techniques and interpretation, and miscel- 
laneous accounts of particular tests—for 
example for digestive function—fetal lung 
maturity, and specific proteins. 

The editors and 68 contributors 
intended to convey the ‘state of the art’ of 
paediatric clinical chemistry and they 
have succeeded. The book is a balanced 
appraisal of a rapidly developing subject, 
and the reference data are the most 
comprehensive to be found anywhere. It 
is a must for all paediatric clinical 
chemistry laboratories. 


A D PATRICK 


Paediatrics in ‘the Tropics. Edited by 
R G Hendrickse. (Pp. 375; illustrated + 
tables. £20.00 hardback.) Oxford Univ- 
ersity Press: Oxford. 1981. 


Paediatricians working in the tropics and 
subtropics, which embrace most of the 
less-developed countries of the world, 
tend to be an under-privileged minority 
charged with the awesome responsibility 
of providing medical services for children 
who constitute the substantial majority 
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of those in need of medical care and 
supervision. Their work load is enormous 
and demands on their services are un- 
ending. Many of them work in circum- 
stances that isolate them from professional 
and academic colleagues, remote from 
libraries and other reference sources. 
When these factors are combined it is 
clear that keeping in touch with inter- 
national opinion and advances in know- 
ledge relevant to their sphere of interest 
and activity poses almost insuperable 
problems for the majority. “Study leave’ 
in these circumstances becomes a necessity 
not a privilege, but generally both time 
and money are lacking for this purpose. 

In the Year of the Child, 1979, the 
Editor of this volume set up a three weeks 
Tropical Paediatrics Update Course/ 
Workshop and this book emanated from 
those lectures and discussions. The first 
part of the volume is devoted to neo- 
natology and special emphasis is placed 
on the neonatal tetanus, low birthweight, 
and light for dates babies, and other prob- 
lems commonly found in this age group 
in tropical countries. Other sections deal 
with general paediatrics, infectious and 
parasitic diseases, and child health ser- 
vices. The editor has collected papers 
which will appeal to and be valuable for 
paediatricians working in developing 
countries. It might well be said that too 
little emphasis has been placed on pre- 
vention; for example only three lines are 
given to the active immunisation of 
mothers against neonatal tetanus. Un- 
doubtedly the weakest part of the book is 
that which discusses child health services. 
Little reference is made to the fact that 
governments all over the world have 
failed to take any services to the majority 
of children who live in rural areas. How- 
ever, this orientation of the book to 
paediatricians working in urban areas is 
perhaps justified as, more or less, it is only 
in these circumstances that paediatricians 
who could purchase and make use of this 
book are working. 

This deserves a place on the shelves of 
the libraries of paediatric units around 
the world, and I hope that the editor will 
compile a further volume in the not too 
distant future. 


D MORLEY 
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Annotation 


Acne vulgaris—a disease treatable by the paediatrician 


Acne is an almost universal problem of adolescence. 
Fifteen per cent of adolescents with acne have a 
condit on of sufficient severity to warrant advice 
from a doctor. Eighty-five per cent have physio- 
logical acme, and many such patients use prepara- 
tions bought from a chemist. 

Because of the earlier onset of puberty in girls 
acne is generally seen earlier in them than in boys, 
and reaches its peak incidence and severity by the 
time they are aged between 16 and 17 years. In boys 
the maximum incidence and severity is between 17 
and 19 years. Many magazines and some medical 
books suggest that acne resolves in the late teens or 
early twenties; this is not necessarily so. Although 
the incidence and severity may gradually decline, 
many patients with acne major still have treatable 
acne when they are aged 23 years. 

Acne is basically caused by a defect in the 
sebaceous glands which leads to the production of 
large quantities of sebum. This seborrhoea is 
primarily androgen induced and may represent a 
(possibly genetic) hyper-responsiveness of the 
sebaceous glands to circulating androgens. Other 
aetiological factors are concerned, in particular 
blockage of the pilosebaceous duct and the subse- 
quent colonisation with Propionibacterium acnes 
and Staphylococcus epidermidis. Production of 
biolegically active compounds by these bacteria 
mediates obstruction of the duct and inflammation. 
Inflammation is due to both immunological and 
non-immunological factors, and the host response 
may also be important. 

Most currently available treatments work by 
influencing the P. acnes population; some treatments 
undergoing active research (not discussed further 
here), act by directly influencing sebum production 
which is the main drive to acne. 


General advice and support 


This is mandatory. Many patients and doctors do 
not realise that acne is a slow-responding disorder; 
the need for long-term treatment must be stressed, 
otherwise the patient will stop treatment prema- 
turely and lose faith. 

The patient may want to know about diet, washing 
habits, and cosmetics. There is no outstanding 


evidence to incriminate food as causing acne; nor 
are medicated soaps necessary as generally the 
patient is receiving effective microbial therapy 
already. 

Cosmetics should not be prohibited, and a young 
girl with bad acne needs (at least for the first few 
months) some make-up. There is no universal 
panacea. A non-medicated, lightweight, non-greasy 
make-up is helpful. Antimicrobial therapy has been 
and will remain for some years the main treatment in 
acne. 


Choice of therapy 


Oral antibiotics. Patients with moderately severe or 
severe acne require long-term oral antibiotics; the 
choice is either tetracycline or erythromycin. 

One of the problems with tetracycline is its poor 
oral absorption; if taken with milk or food, ‘t forms 
insoluble calcium complexes. It is therefore recom- 
mended that tetracycline should be taken with a 
little water between 30 minutes and one hour before 
food so as to obtain maximum absorption. 


Topical therapy 


Benzoyl peroxide 

Benzoyl peroxide is probably the most effective 
topical treatment; it acts by reducing the pro- 
pionibacterium population. It is available in 
several preparations as a gel, cream, or lotion in 
2.5% 5%, and 10% concentrations. As with oral 
antibiotics, adequate data on dose response are 
lacking but clinical impression indicates that a 
dose-response relationship may exist. Most patients 
begin with a 5% concentration and inerease it 
to the 10%; the 2-5% can be used in any patient 
with a history of skin irritancy. Many well-controlled 
studies would be needed to decide the ranking order 
of the various preparations. 


Retinoic acid 

In the USA topical vitamin A is more widely used 
than here. The drug acts by loosening the keratin 
plug; this in turn reduces the number of non- 
inflamed lesions and thus fewer inflamed lesions are 
formed. It has a greater degree of skin irritancy but, 
as with benzoyl peroxide, its side effects can be 
controlled by adjusting the frequency of treatment. 
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It is the topical drug of choice in patients with 
many comedones and it is available as a gel or 
cream. 

Topical therapy must be given to all patients at all 
Stages of their management and should be applied 
to the back and chest if these are affected, as well as 
to the face; the patient often fails to recognise the 
need to apply topical therapy to these other areas 
of the body. 


Topical antibiotics 


In the UK two topical antibiotic preparations are 
available on prescription. The older one contains 
neomycin which does not affect P. acnes; it contains 
low doses of corticosteroids, which are not a good 
form of therapy for treating facial conditions. The 
other contains chloramphenicol which does act 
against P. acnes but it, too, contains a small quantity 
of corticosteroids. 


Other therapies. Other preparations are available on 
prescription; one contains aluminium oxide of 
various concentrations and lacks evidence of 
efficacy. Benzoyl peroxide is available in combina- 
tion with various concentrations of sulphur but the 
role of sulphur in acne is debatable; some data 
suggest that it may in fact be comedogenic, while 
other results have been contradictory. Another 
brand contains hydroxyquinoline which has been 
shown to have some anti-acne effect. 

In the British National Formulary, several pre- 
parations are described which contain sulphur and 
resorcin although there is no evidence to support the 
use of the latter. These preparations are also not very 
elegant. 

Detergent washes are often liked by the patient as 
they appear to reduce the seborrhoea, but this effect 
is Only temporary. However, such preparations, 
which may contain 4% chlorhexidine gluconate, 
do not influence sebum production. 


Dosage and duration of treatment 


A 6-month course of treatment is the minimum for 
any patient with acne vulgaris. Patients with mild 
acne generally require topical therapy only, benzoyl 
peroxide being the preparation of first choice. 
Patients with severe acne should be given tetra- 
cycline or erythromycin 250 mg four times a day, in 
addition to topicaltherapy. The dose is gradually 
decreased over 3 to 4 months to 250 mg twice daily 
according to clinical response. The patient is then 
maintained on this smaller dose for at least 2 months. 
Patients with mild and moderate acne require twice 
daily therapy for at least 6 months. 


Topical therapy, usually with benzoyl peroxide 
or retinoic acid, is essential throughout this period. 
After about 6 months the oral drug can be stopped, 
but the topical therapy must continue. On stopping 
oral therapy, 70% of patients will have relapsed to 
50% of their original grade within 12 months, but 
there is no contraindication to the giving of repeated 
courses of the same oral antibiotics as P. acnes 
rarely becomes resistant. 


Side effects 


Oral therapy. Acne treatment is safe. Abdominal 
colic, with or without a little diarrhoea, occasionally 
requires treatment and if it does, antispasmodics for 
5 days generally resolve the problem. Rarely has 
the antibiotic to be stopped and vaginal candidiasis, 
rare in children, usually responds to conventional 
treatment. 


Topical therapy. Most effective topical therapies for 
acne will produce a low grade primary irritant 
dermatitis in most patients. The patient must be told 
of this redness and scaling that often occurs in the 
first few weeks of treatment; otherwise he will stop 
the therapy prematurely. This primary irritant 
dermatitis will get less with the continued use of the 
product and, again, this must be stressed to the 
patient. 


Surgical therapy 


Large blackheads can be removed using a comedone 
extractor, but many patients find adequate removal 
difficult. Some nodules may fuse to form cysts which 
are multilocular, and therefore can be drained only 
with difficulty. Two other treatments are possible: 
the lesion can be infiltrated with 0-01 ml fluorinated 
steroids, but a better treatment is the application of 
liquid nitrogen for two cycles of 15 seconds. Sur- 
prisingly this is not painful. 

Although scarring can occur in young teenagers, 
scarring is more related to acne severity and 
duration. To prevent psychological trauma (un- 
questionably a common problem in youngsters) 
and dermal scarring, active and early treatment is 
essential. All these treatments are based on a logical 
consequence of the aetiology of acne, and are safe 
and successful. Furthermore, although not curative, 
they probably prevent the disease from progressing 
and the paediatrician could and should play a major 
role in preventing the ravages of moderate and 
severe acne by early and sustained treatment. 


W J CUNLIFFE 

The General Infirmary, 
Gt George Street, 
Leeds LS] 3EX 
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Retrolental fibroplasia—controlled study of 4 years’ 
experience in a neonatal intensive care unit 


V Y H YU, D M HOOKHAM, AND J R M NAVE 


Deparimen: of Paediatrics, Queen Victoria Medical Centre, Melbourne, Australia 


SUMMARY During the 4 years 1977-80, 14 infants developed retrolental fibroplasia (RLF) in the 
neonatal unit at this medical centre. All were very low birthweight (VLBW) infants who weighed 
1500 g or less at birth. The incidence of RLF was 3-5 % for all VLBW infants admitted for neonatal 
intensive care and 4:7% for VLBW survivors. The mean birthweight of the affected infants was 
970 (range 730-1310) g and mean gestational age 26 (range 24-29) weeks. Seven of the affected 
infants (2-4°% of VLBW survivors) had significant scarring with temporal dragging of the optic 
disc and retinal detachment. Each of the 14 infants was matched with 2 control infants in order to 
see whether any factors predisposing to the development of RLF, including those related to oxygen 
therapy and monitoring, could be identified. The only factor associated with RLF was a higher 
volume of blood given with replacement transfusions. The occurrence of RLF was unrelated to an 
increase in requirement for or duration of oxygen therapy, arterial oxygen tensions as determined 
by intermittent sampling, or the availability of transcutaneous oxygen monitoring. The care taken 
in oxygen therapy may have been responsible for failure to show a quantitative association between 
hyperoxaemia and RLF. Although the problem of oxygen therapy in preterm infants is far from 
being resolved, current neonatal intensive care methods have limited the occurrence of RLF to 
VLBW infants. This study demonstrated a lower incidence of RLF in VLBW infants despite an 


improved survival rate compared with that previously reported. 


The extensive literature on the history of oxygen 
therepy and retrolental fibroplasia (RLF) which 
dated back to the early 1940s has been reviewed by 
the Committee on Fetus and Newborn of the 
American Academy of Pediatrics, which also 
established guidelines on oxygen use in the newborn 
infant.! Despite the most vigorous monitoring during 
oxygen therapy, a recent study has shown a re- 
surgence of RLF in very low birthweight (VLBW) 
survivors.” In the multi-centred co-operative study 
of RLF conducted between 1969 and 1972, the 
incidence of RLF was shown to be inversely corre- 
lated with birthweight and gestational age and the 
strongest association found, apart from birthweight, 
was with duration of oxygen therapy.? The problem 
of oxygen therapy for preterm infants is far from 
being resolved as the pathogenesis of RLF is still 
imperfectly understood. This condition has been 
reported to occur without oxygen administration,’ ê 
in term infants,®-§ in anencephalic infants at birth,” 
anc in a child with cyanotic heart disease.'” Con- 
versely. sustained hyperoxaemia in preterm infants 
may not result in RLF.1! Additional factors which 


have been suggested include iron and water-soluble 
vitamins,!2. chronic hypoxia in-utero,'* vitamin E 
deficiency,' exchange or replacement transfusion 
with blood containing adult haemoglobin,” ° 1 and 
treatment with indomethacin for patent ductus 
arteriosus.'® In the present study, details of infants 
with RLF admitted to the neonatal unit at this 
medical centre during a 4-year period are reported. 
In order to obtain information about possible 
predisposing factors, clinical data from the affected 
infants and from a control group were compared. 


Patients and methods 


Ophthalmological examination. VLBW infants who 
weighed 1500 g or less at birth, infants who required 
assisted ventilation, and those who needed prolonged 
oxygen therapy, especially for recurrent apnoea, had 
routine ophthalmological examination. Indirect 
ophthalmoscopy was performed by one of us 
(JRMN) at approximately weekly intervals, after 
oxygen therapy was stopped or within a fortnight 
after birth if the infant was still on supplemental 
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oxygen. For extremely preterm infants, examinations 
were carried out from the time the tunica vasculosa 
lentis began to clear. The pupils were maximally 
dilated for these examinations. Any infant who 
showed evidence of RLF had regular ophthalmo- 
logical examinations as an outpatient after his 
discharge from hospital. The classification used for 
evolutionary lesions of RLF was Keith’s modifica- 
tion? of Kingham’s system.!8 Cicatricial RLF 
changes were graded by using Keith’s classifica- 
tion.'? A description of the eye changes for Stages 
of development and grades of resolution and scarring 
is summarised in Table 1. 


Neonatal care. Arterial oxygen pressure (Pao,) 
measurements were made from blood samples taken 
from indwelling umbilical artery catheters or by 
percutaneous puncture of peripheral arteries. The 
inspired oxygen concentration was regulated to pro- 
duce a Pao, in the range of 50-100 mmHg. Umbilical 
artery catheters were left in situ for an average of 
5 days followed by peripheral artery sampling and 
transcutaneous Oxygen monitoring which was often 
continued for several weeks. Indications for assisted 
ventilation and protocol for management of respira- 
tory failure have been previously reported.'!® Blood 
transfusions were given in infants with cardio- 
respiratory distress if haematocrit was <40°%, 
if systolic blood pressure was <40 mmHg, or 
if >10% of the blood volume had been taken 
for blood tests. Exchange transfusions were carried 
out if the bilirubin concentration reached 200-300 
umol/l (11-7-17-5 mg/100 ml) depending on the 
presence of risk factors for kernicterus. VLBW 
infants received an oral daily supplement of 20 IU 
vitamin E after full oral feeds had been established: 


Table 1 Developing and cicatricial changes in 
retrolental fibroplasia‘*® 





Stages of development 


I Abnormal terminal branching of temporal vessels. Abrupt 
margin between vascularised and non-vascularised retina 

If Vessels dilated, some parallel to ora serrata. Distinct vascular 
mesenchymal shunt parallel to ora temporally, forming slight 
shelf 


II Shunt forms distinct shelf into vitreous cavity with dilated 
sinusoids on surface.Neovascularisation from posterior edge of 
shelf. Haemorrhages 

IV Retina detached from temporal arcades to ridge. Retinal vessels 
leave retina and run straight to ridge 

V Retina detached from disc to ora 


Grades of resolution and scarring 

I Normal or mild peripheral changes 

II Slight dragging of temporal vessels. Heterotopia of macula. 
Preretinal fibrosis. Myopia 

IHI Dragged disc with fibrous tissue in temporal periphery 

IV Retinal fold with fibrous tissue on posterior surface of lens 

V Peripheral ring-shaped retinal detachment 

VI Total funnel-shaped retinal detachment 

ee 


before this parenteral nutrition (which did not con- 
tain vitamin E) was given.” In addition, oral daily 
supplements of Pentavite* 0-45 ml were given after 
the establishment of full oral feeds and Fergon+ 1 ml 
was started at 6 weeks after birth. Both RLF and 
control groups therefore received the same supple- 
ments. Details of supportive management for infants 
admitted to the neonatal unit and treatment protocol 
for patent ductus arteriosus, particularly regarding 
treatment with indomethacin, have been previously 
summarised,”! ?? 


Controls. For each RLF infant, 2 control infants 
were chosen from the survivors, who were admitted 
immediately before or after each RLF infant, 
matched on the basis of a birthweight within 200 g 
of that of the RLF infant, and the need for oxygen 
therapy or assisted ventilation. 

Collection of perinatal data was carried out 
prospectively for all VLBW infants as part of the 
growth and development follow-up programme. 
This source of information was used for reviewing 
factors which might have had an influemce on the 
development of RLF. Statistical analysis was with 
the Student’s ¢ test and the 7? test. 


Results 


Incidence. During the 4-year period, January 1977 to 
December 1980, 14 infants were diagnosed as having 
RLF. The mean birthweight of the affected infants 
was 970 (range 730-1310) g and mean gestational 
age 26 (range 24-29) weeks. Of the 411 VLBW 
infants seen at the medical centre during the same 
period, 22 died in the delivery room and 14 were not 
offered treatment because of major congenital mal- 
formations evident at birth. The incidence of RLF 
in the 375 VLBW infants admitted for neonatal 
intensive care was therefore 3-5%. Among the 297 
VLBW survivors the incidence was 4-7%. The 
incidence of RLF in infants weighing 501-1000 g 
and 1001-1500 g and the occurrence of grades 
I-VI RLF in the respective birthweight categories 
are shown in Table 2. Seven of the 14 affected infants 
(2-4% of VLBW survivors) had significant scarring 
with temporal dragging of the optic disc and retinal 
detachment (grades II-VI). 


Progression of eye changes. The first visible sign of 
developing RLF was detected at a mean age of 54 
(range 33-75) days after birth. The abnormality 


* Nicholas Pty Ltd, Melbourne, Australia. This contains 
vitamin A 1620 IU, thiamine 0-54 mg, riboflavin 0-81 mg, 
pyridoxine 0-13 mg, ascorbic acid 42-7 mg, vitamin D 405 
IU, nicotinamide 7-11 mg, pantothenate 0-33 mg. 

+ Winthrop Laboratories, Melbourne, Australia. This con- 
tains 6-6 mg of elemental iron. 
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Table 2 Incidence and severity of retrolental fibroplasia 


OOOO 


Birthweight Incidence in infants of very low birthweight 





Number of infants with grades Incidence in VLBW 














(g) — - of resolution and scarring neonatal survi-ors 
In those admitted for In survivors (all grades) — = (grades IH-VD) 
intensive care I II II Ih V VI 
501-1000 8/107 (7-5) 8/60 (13-3) 2 4 0 0 0 2 2/60 (3-3) 
1001-1500 6/268 (2-2) 6/237 (2-5) l 0 2 | 0 2 5/237 (2-1) 
Total 14/375 (3-5) 14/297 (4-7) 3 4 2 | 0 4 7/297 (2-4) 





Number with RLF/total number, percentages in parentheses. 


reported when RLF was first noted corresponded 
to stage | in 6 infants, stage II in 5 infants, and 
stage III in 3 infants. The number of infants with 
grades I-VI of resolution or scarring who had 
evolutionary lesions corresponding to stages l-V 
diagnosed are shown in Table 3. Three of the 4 
infants who did not progress beyond stage II had 
spontaneous regression leading to complete reso- 
lution or only mild peripheral changes and myopia. 
Two of the 6 infants who progressed to stage III 
ended up in grade VI and blindness, one of whom 
had this degree of severe change in one eye only. 
One of the 2 infants with stage IV changes had 
bilateral grade VI changes and the one infant who 
progressed to stage V has a resultant grade VI 
change. The remaining infant, who had grade IV 
changes on follow-up examination, was hyper- 
oxaemic on admission at age 6 hours, having been 
ventilated in 100% oxygen for recurrent apnoea at 
a community hospital. She was transferred back to 
the referring hospital for convalescence at age 10 
days when an ophthalmological examination showed 
stage I] changes. Subsequent progression of the 
acute RLF changes was not monitored after transfer. 
None of the infants had treatment for his RLF. The 
3 infants with bilateral grade VI changes were all 
born in the first 6 months of the study period. 


Comparison with controls. The results of comparisons 
between RLF infants and controls are given in 
Tables 4 and 5. Although the incidence of multi- 
plicity of birth, perinatal asphyxia, septicaemia, 
treatment with indomethacin for patent ductus 


Table 3 Ophthalmological outcome. (More severely 
affected eye) 





Stages of development Number of infants with grades of 














(n= 14) resolution and scarring 
I II II IV V VI 

I (n=2) l | 0 0 0 0 
Il (n=2) 0 l | 0 0 0 
lil (n=6) 2 l | 0 0 2 
IV (n=2) 0 l 0 0 0 | 
V (n=1) 0 0 0 0 0 l 
Not known (n=1) 0 0 0 l 0 0 


LS 


arteriosus, and bronchopulmonary dysplasia was 
higher in RLF infants than controls, the differences 
were not statistically significant. 

The percentage distribution of exposure to dif- 
ferent ranges of oxygen concentration was similar 
in RLF infants and controls (Fig. 1). The duration 


Table 4 Perinatal factors 








RLF infants Controls P 
(n= 14) (n=28) 
Birthweight (g, mean + SEM) 970 +. 50 1010438 NS 
Gestation (weeks, mean +SEM) 2640-4 27:03 NS 
Sex ratio (M: F) 6:8 IESDA NS 
Multiplicity of birth (n) 4(29) 4(14_ NS 
Apgar score <3 at 5 min (n) 4(29) 3(12» NS 
Lowest pH in first 4 days 7-1240-02 7-1340-01 NS 
(mean +SEM) 
Lowest Pao, in first 4 days 422-6 38+1-7 NS 
(mean + SEM) 
Number of infants 
With septicaemia 3(21) 3(113 NS 
With patent ductus arteriosus 12(86) 18(64 NS 
On indomethacin treatment 8(57) 9(32 NS 
With bronchopulmonary dysplasia  6(43) 4(14 NS 





Percentages are given in parentheses. 


Table 5 Factors associated with oxygen therapy 








RLF infants Controis P 
(n= 14) (n= 28) 
Oxygen administration (days, 
mean + SEM) 53411 3648 NS 
22-29% 15+2 19+4 NS 
30-59% 36+ 10 18 4+4 NS 
60-89 % 1-640-7 1-340-6 NS 
90-100% 0-4+0-2 0-3+40-1 NS 
Assisted ventilation (days, 
mean +SEM) 30 +6 1744 NS 
No of Pao, readings (mean +SEM) 
In Ist week 3644 3643 NS 
In 2nd week 184-4 1142 NS 
Total no 90 +17 5617 0-05 
No of Pao, per day of oxygen 
therapy (mean +SEM) 240-3 3+C-3 NS 
-80 mmHg 21+4 154Z NS 
> 100 mmHg 8+1 7481 NS 
=>120 mmHg 4+1 4-41 NS 
Transcutaneous oxygen monitoring 
(days, mean + SEM) 1446 12+¢ NS 


Exchange transfusion (n) at21 7) 
Number of blood transfusions 


6(21%) NS 


(mean +SEM) 7+1-4 440-6 0-05 
Volume of blood transfused 
(mean +SEM) 115+29 6746 <0-05 


LL 
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Fig. 1 Percentage of infants with retrolental fibroplasia 


and controls who were exposed to concentration of 
oxygen equal to or exceeding the range shown on 
abscissa. 


of exposure to these ranges of oxygen concentration 
was also not significantly different between the two 
groups (Table 5) indicating that the average con- 
centration of oxygen administered to RLF infants 
and controls was comparable. No significant 
difference was observed in the duration of assisted 
ventilation between the two groups, although the 
mean duration was longer for RLF infants. 

An indication of the frequency with which Pao, 
was measured is shown in Fig. 2, which is a plot of 
the average number of Pao, readings per day for 
each RLF and control infant during the first 14 days 
of age. Although there was a slightly disproportionate 
decrease in the number of Pao, readings with 
increasing age in both groups, the number of Pao, 
readings in the second week was not significantly 
different between either group (Table 5). RLF 
infants had significantly more total Pao, readings 
during their period on oxygen therapy compared 
with controls. The average number of Pao, readings 
per day of oxygen therapy was however not signi- 
ficantly different. The duration of transcutaneous 
oxygen monitoring received by infants in both 
groups was also similar. 

No significant differences were observed in the 
number of Pao, readings >80 mmHg, > 100 mmHg, 
or >120 mmHg between the two groups (Table 5). 
Values of all Pao, readings were analysed separately 
for RLF infants and controls with respect to the 
percentage distribution of Pao, levels that were 
equal to or exceeding progressively higher increments 
(Fig. 3). It is evident that at levels of Pao, exceeding 
60 mmHg, Pao, values for RLF infants were slightly 
lower than those of controls but the differences were 
negligible. 
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Fig. 2 Average number of Pao, readings per day for 
each infant with retrolental fibroplasia and control infant 
in the first 14 days of age. 
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Fig. 3 Percentage of all Pao, readings equal to or 
exceeding Pao, levels shown on abscissa for all infants 
with retrolental fibroplasia and controls. 


Retrolental fibroplasia—controlled study of 4 years’ experience in a neonatal intensive care unit 


Both the amount of blood transfused and the 
number of blood transfusions were significantly 
associated with RLF (Table 5). The percentage of 
RLF infants and controls who received exchange 
transfusions was low and identical in both groups. 


Discussion 


General curtailment of oxygen therapy, beginning 
in the mid 1950s, resulted in a decrease in incidence 
of RLF but an increase in mortality due to hyaline 
membrane disease,2* in incidence of cerebral palsy,”4 
and in number of deaths among preterm infants. S% 
Subsecuent advances in neonatal intensive care 
methods and increased survival of small and critically- 
ill preterm infants appear to have led to a resurgence 
of RLE?" RLF occurred in 32 (37 %) of 86 survivors 
under 1201 g birthweight in the 1969 to 1972 co- 
operative study? and in 27 (34°%) of 80 survivors of 
under 1501 g birthweight from a 1975 to 1976 
cohort.2 The survival rate in the former study was 
unknewn and that for the latter study was 60-5 %. 
In a more recent study carried out in 1977 and 1978, 
10 (12%) of 82 infants examined with birthweights 
under 1601 g and 15 (11%) of 134 infants examined 
with birthweights under 1501 g from two separate 
patient populations were reported to have RLF.” 
However not all admissions in the respective birth- 
weight categories were included in the study and the 
survival rate of these VLBW populations was 
unknown. Results of the present study, which 
showed an incidence of 3:5% (14 of 375 infants) in 
all the VLBW infants admitted for neonatal intensive 
care or 4-7% (14 of the 297 infants) in the VLBW 
survivors, are encouraging. This is particularly so 
when considered in the light of improved survival 
durirg the study period, when the overall VLBW 
survival rate was 79:2%: 60 (56%) of 107 infants 
501-1000 g birthweight and 237 (88 °%) of 268 infants 
1001-1500 g birthweight. Nevertheless, RLF con- 
tinues te occur in the small preterm infant despite 
careful attention to oxygen therapy and monitoring. 
This is true even in the most advanced neonatal 
intersive care units where the administration of 
oxygen is strictly controlled by means of serial 
measurement of arterial oxygen tension and con- 
tinuous transcutaneous oxygen monitoring. 

The classification for RLF suggested by Revse 
et al. is no longer satisfactory for grading peripheral 
changes as seen by indirect ophthalmoscopy and a 
new scheme for acute RLF has been suggested by 
Kingham.!* Keith’s modification!” of the Kingham’s 
classification for the evolutionary lesions has been 


found to be clinically useful in the management of 


cases. The observed cicatricial changes do not easily 
fall into the grades described by Reese er al.?8 and 
the suggested classification by Keith!” which was 
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used in this study conforms better to the findiags of 
Faris et al.2® Infants with minimal peripheral changes 
(stages I and II) generally showed spontaneous 
resolution to normal within 4 months as has been 
found in previous studies.’ '* When the disease 
progressed to late stage III, resolution took ‘onger 
and did so in a less predictable manner. It is there- 
fore incumbent on the ophthalmologist to watch 
these infants closely until there are clear signs of 
resolution or until the disease process is no onger 
active. 

The number of infants of multiple birth with RLF 
in the present study, unlike those in an earlær co- 
operative study”? but similar to those in the second 
co-operative study, was not significantly aigher 
than that in the controls. This could be releted to 
the much lower frequency of severe cases of RLF or 
to lack of sufficient numbers of infants of multiple 
birth. No association was found in this study be- 
tween RLF and several factors which reflect the 
severity of neonatal ilIness—such as perinatal 
asphyxia, acidosis, hypoxaemia, and septicaemia— 
unlike the findings of an earlier study.” RLF is a 
vascular disorder of the developing retinal arteries 
caused by vasoconstriction® and the effect of treat- 
ment with indomethacin for patent ductus arteriosus 
on the retinal circulation of preterm infants is 
unknown. Our data supported that of an earlier 
study?! that indomethacin does not increase ‘he risk 
of RLF. 

Although infants who developed RLF hada mean 
duration of oxygen therapy and assisted vertilation 
longer than that in controls, the differences were not 
statistically significant in the present study. Lack of 
a definitive relationship between Pao, and R_F may 
stem from the qualitative and quantitative limitations 
of available data obtained from intermittent analyses 
of Pao, levels. Although the use of continuous 
transcutaneous oxygen monitoring was promising as 
a means of establishing better dose-time relat:onships 
between Pao, and RLF, the availability o° only 4 
such monitors in a neonatal unit in which at least 
15 preterm infants could simultaneously be on 
oxygen therapy, of whom up to 7 might require 
assisted ventilation, has meant that suck infants 
received this form of monitoring only for inter- 
mittent periods. 

An association between RLF and the amount of 
blood transfused was observed in this study. The 
higher affinity of fetal haemoglobin for oxygen owing 
to a quantitative reduction in the amount of 2,3- 
diphosphoglycerate in fetal red blood cells tends to 
protect against hyperoxaemia in requiring a higher 
Pao, before unloading at the tissue level occurs. The 
replacement of fetal by adult haemoglobin as a 
result of blood transfusions would decrease the 
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haemoglobin-oxygen affinity and theoretically in- 
crease the risk of RLF by facilitating tissue oxygen 
toxicity at lower Pao, levels. Conflicting reports 
concerning the role of blood transfusions date back 
to 1950.** Although subsequent studies found no 
association between transfusions and RLF,?3-* 
renewed interest in the possible role of replacement 
or exchange transfusions in the pathogenesis of 
RLF® 15 36 indicates that this factor deserves fuller 
in-depth study. 

Oxygen therapy for preterm infants remains a 
balanced risk: death or brain damage from too little 
oxygen or blindness from too much. With currently 
available technology, even the most impeccable 
monitoring of arterial oxygen tension with serial 
samples complemented with transcutaneous oxygen 
measurements does not guarantee against RLF. As 
RLF continues to be an unavoidable risk of neonatal 
intensive care, the need remains for vigilance on 
oxygen therapy and associated risk factors in its 
pathogenesis. 
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Management of neuropathic urinary incontinence in 
children by intermittent catheterisation 


JOHN E S SCOTT AND S DEEGAN 


Department of Surgery, University of Newcastle upon Tyne, Newcastle upon Tyne 


SUMMARY Forty-nine children with urinary incontinence owing to neuropathic bladder were 
treated by intermittent catheterisation. Manometric studies to determine urethral closing pressures 
and intravesical pressure/volume relationships were performed before or during treatment in all 
children. Cystography and intravenous urography were carried out at the beginning of treatment and 
intravenous urography was repeated after treatment for at least 12 months. Routine long-term 
antibacterial therapy was not used. With a 3-hourly catheterisation regimen a total of 46 (93%) 
children achieved day-time control but 27 (55%) did so only with the help of propantheline or 
imipramine or both of these. Night-time control was also substantially improved in 43 (87%) 
children. The manometric studies enabled a reliable prediction to be made on whether drugs would 
be required to achieve success. One child with an undilated urinary tract before treatment developed 
unilateral dilatation owing to mechanical problems during treatment. Upper urinary tract dilatation 
which was present before treatment in 20 children (33 kidneys) disappeared or improved in all. 
Early renal failure in 2 children also responded favourably. The technique had to be abandoned in 2 


children. 


Intermittent catheterisation (IC), as a method of 
managing urinary retention and incontinence in 
patients with traumatic spinal cord lesions, was first 
advocated by Guttmann and Frankel.’ The good 
results obtained with the technique were subse- 
quently confirmed by others.2~7 More recently, 
encouraging reports have appeared on the use of IC 
in children with urinary incontinence due to con- 
genital spinal anomalies.*~'! The purpose of this 
paper is to report on a consecutive series of 49 
childrem treated by IC since the policy was intro- 
duced with reference to the measurement of intra- 
vesical pressure/volume relationships and urethral 
closing pressures, the effect of pharmacological 
agents on the neuropathic bladder, urographic 
changes after 12 months’ treatment, the management 
of bacteriuria, and the control of incontinence. 


Patients 
The spinal cord lesions which caused the incontinence 


were congenital (spina bifida) in 48 and traumatic in 
one. 


Age and sex. There were 22 boys and 27 girls. The 
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majority were aged between 5 and 16 years when 
treatment with IC was started. Some weuld un- 
doubtedly have started treatment earlier had the 
method been available. Perhaps the best time to 
start treatment is just before the child starts school, 
although much depends on the willingness of the 
child and his parents to accept the method, and on 
the state of the child’s upper urinary tract. The latter 
factor led to the decision to start treatment in one 
infant who had urinary retention, infectien, upper 
urinary tract dilatation, and renal failure. 


Paralysis. Twenty-seven children, of whom 15 were 
boys, had complete bilateral lower limb paralysis and 
had been confined to wheelchairs for most of their 
lives. These boys had hitherto used penile urinals but 
as they became older their obesity and spinal 
deformities increased to the point when their urinals 
were ineffective. Paralysis in the remaining children 
was less extensive so that they were able to walk, 
although most of them had orthopaedic appliances. 


Radiology and renal function. Intravenous urography 
and cystography were performed in all children 
before starting IC. The upper urinary tracts were 
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normal in 29, 7 had unilateral dilatation (One of a 
solitary kidney), and 13 bilateral dilatation. Ureteric 
reflux was present unilaterally in 9 and bilaterally in 
4. In only one child with reflux was the upper urinary 
tract not dilated. 

Evidence of renal failure was present in 2 children. 
In one the blood urea level was 15-2 mmol/l (91-6 
mg/100 ml), in the other it was 16-6 mmol/l (100 
mg/100 ml). 


Vesical and urethral manometry. Initially, cysto- 
metrography was performed by a simple technique 
using a balloon catheter connected to a central 
venous pressure manometer. It soon became clear 
that this method provided an incomplete assessment 
of the behaviour of the lower urinary tract. Thus a 
more sophisticated method using a strain gauge and 
direct writer was substituted; this provided measure- 
ments of urethral closing pressure together with 
continuous records of bladder pressure during filling. 
A size 5 FG side-hole catheter connected via the 
strain gauge to a syringe driver producing a flow of 
| ml/min was passed into the empty bladder. The 
catheter was slowly withdrawn by hand along the 
urethra and the closing pressure recorded on the 
direct writer. At least three recordings were made in 
each child. This catheter was then replaced in the 
bladder and used to record intravesical pressure 
during filling through a second size 5 or 8 FG 
catheter passed alongside it. A radiographic contrast 
medium was used for the infusions enabling the 
urinary tract to be screened simultaneously. Thus the 
outline of the bladder could be seen and the relation- 
ship between ureteric reflux, if any, and intravesical 
pressure determined. 


Training in intermittent catheterisation technique. 
Having completed their radiographic and mano- 
metric examinations the children were seen in a 
special ‘catheter clinic’ by a stoma/catheter therapist. 
The principles and technique of intermittent 
catheterisation were explained and demonstrated to 
the mother and child, a written sheet of instructions 
issued, and a supply of catheters provided. The 
catheters supplied for the girls were made from 
polyethylene tubing in sizes 10, 12, and 14 FG, 
presterilised in plastic envelopes. This material was 
used because it was sufficiently rigid to enable the 
catheter to be inserted with one hand, but sufficiently 
flexible to avoid damaging the insensitive vulva 
while attempting to locate the urethral orifice. 
Furthermore, the material was cheap and the cathe- 
ters could be semi-disposable. Boys were provided 
with polyvinyl Nelaton catheters of appropriate 
size, also presterilised and semi-disposable. Instruc- 
tions were given to rinse the catheters in running tap 


water before and after use and to place them in a 
bowl of sodium hypochlorite (Milton) solution 
overnight. A plastic envelope was supplied with the 
catheters as a day-time container: each catheter was 
used for one week. 

Most boys, and the older girls, soon learnt to 
catheterise themselves: a mirror on a flexible stand 
was particularly useful in demonstrating to the girls 
their vulval anatomy. The objective was to eliminate 
day-time wetting completely with an interval 
between catheterisation of not less than 3 hours. 
This interval was convenient in the children’s daily 
lives at school and home, and provided a little 
leeway. If wetting occurred less than 3 hours after 
catheterisation the use of pharmacological agents 
was considered. 


Use of drugs. If 3-hourly catheterisation did not 
control wetting, 2 drugs were used as an adjunct: 
propantheline, an anticholinergic agent which 
inhibits smooth muscle activity, and imipramine, a 
tricyclic antidepressant with x-adrenergic properties 
reputed to increase tone in the bladder neck and 
posterior urethra although it may act through other 
mechanisms. The drugs were given in the mornings 
and early afternoons in doses of up to 30 mg 
propantheline and 25 mg imipramine. 


Antibiotics and bacteriuria. Intermittent catheterisa- 
tion is a ‘clean’ rather than an aseptic technique, so 
bacteriuria is an almost inevitable consequence. No 
attempt was made to maintain sterile urine by 
continuous antibacterial therapy. In the author’s 
experience in children with neuropathic bladder or 
urinary diversions such therapy was not successful 
and indeed, promoted the appearance of highly 
antibiotic-resistant organisms. By keeping the 
urinary tract effectively drained it was felt that the 
presence of organisms in the urine was probably of 
no significance provided that symptoms of an active 
urinary infection were absent. Furthermore, with- 
holding antibiotics bred a growth of organisms which 
were fully sensitive to a wide range of these drugs. 
Thus if symptoms did appear it was possible to 
eliminate both symptoms and organisms with a 7- 
day course of an oral antibiotic. This policy was not 
altered in the presence of reflux since regular and 
complete emptying of the urinary tract should 
compensate for this factor. 


Results 


Control of incontinence. It was the relationship 
between intravesical and urethral closing pressures 
that was the important factor governing the success 
or failure of IC in controlling incontinence. Ideally, 
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the urethral closing pressure had to be higher than 
the intravesical pressure at (depending on the child’s 
size) minimal volumes of 100-150 ml (Fig. 1). If it 
was not, catheterisation had to be performed at 
inconveniently frequent intervals to prevent urine 
leaking out of the bladder (Fig. 2). Some children 
with low intravesical pressures were wet because 
urethral closing pressures were also low. The exact 
opposi‘e was found in other children who had high, 
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Fig. 1 Twacings of urethral closing pressure (A) and 


cystometrogram (B). Urethral closing pressure exceeds 
intravesical pressure at high volumes. 
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Fig.2 Tracings of urethral closing pressure (A) and 
cystemetrogram (B). Urethral closing pressure is lower 
thar intravesical pressure at low volume. 
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often fluctuating intravesical pressures but were dry 
because they also had high urethral closing pressures. 
In some cases reflux occurred to such a degree as 
substantially to reduce intravesical pressure. In fact 
the pressure being recorded was not so much intra- 
vesical pressure as pressure in the whole upper 
urinary tract (Fig. 3a and b). 

To assess its effectiveness, all children were started 
on IC before anticholinergic drugs were giver. This 
enabled the manometric tests to be evaluated for 
predicting which children would require anti- 
cholinergic drugs. Control of incontinence was 
graded as follows: (a) Dry day and night. (b) Dry by 
day, damp at night. (c) Dry by day, wet at night. 
(d) Damp by day, wet at night. (e) Wet day and 
night. 

Eight children had grade (a) control and 1 grade 
(b) without the help of drugs. Since day-time eontrol 
was the main objective of IC, these 19 (39%) 
children were regarded as successful. Urethral 
closing pressure was measured in 16 and was higher 
than intravesical pressure (low in 12, high in ©) in all. 
Of the 29 children in whom IC was not suscessful 
in controlling incontinence, 24 had high intravesical 
pressures and 5 had low, 3 of whom also kad low 
urethral closing pressures; in the remaining 2, this 
measurement was not made before drugs were 
prescribed for them. Thus there was good correlation 
between the results of cystometrographic and 
urethral closing pressure measurements and the 
success of IC in controlling incontinence. 

Of the children in whom IC failed to control 
incontinence, 25 were given propanthelme and 
imipramine, | propantheline only, and 3 iminramine 
only. Two of the 3 given imipramine kad low 
intravesical and urethral closing pressures and the 
drug was given in the hope of improving urethral 
tone and thus control. Side effects of the drugs— 
such as drowsiness, hot flushes, or vomiting—were 
present in 8 children and necessitated reduction of 
the dose in 5, stopping imipramine in 1, propanthe- 
line in 1, and both drugs in one. Ultimately with the 
help of drugs, 11 children achieved grade (a` control, 
13 grade (b), 3 grade (c), one grade (d). 

Altogether, of 48 children with neuropathic 
bladder over age 5 years, control of incontinence of 
grades (a) and (b) was achieved in 43 (89%), and of 
grade (c) in 3 (6: 5%). Only 2 children were complete 
failures. 


Bacteriuria. Significant bacteriuria was fownd in 42 
children at every culture and in 4 childrcn inter- 
mittently. The most common organism c.: ured was 
Escherichia coli which appeared in 24 children, 
followed by Klebsiella sp. which wes present in 14, 
and Proteus sp. in 8. Sometimes 2 organisms were 
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Fig. 3a Tracings of urethral closing pressure (A) and 
cystometrogram (B). Shows effect of ureteric reflux on 
intravesical pressure. Note high urethral closing pressure. 


cultured from the same child ana there was a 
tendency for the organisms to change from time to 
time. Four children were having long-term anti- 
bacterial therapy, one had sterile urine but the others 
were infected. Two children had sterile urine 
without antibiotic therapy. Symptoms suggesting an 
active urinary infection occurred occasionally in 6 
children who were treated with short courses of the 
appropriate antibiotic. 


Complications of catheterisation. With one exception 
all the boys learnt to catheterise themselves as did 9 
girls. The remainder were catheterised by or with the 
help of their mothers or the school nurse. One 16- 
year-old girl who was being successfully catheterised 
by her mother refused to learn how to catheterise 





Fig.3b Cystogram of same child showing right 
ureteric reflux. 


herself so that the method had to be abandoned and 
an indwelling catheter used when she entered a 
residential educational college. Thus 61°% of the 
children were successfully managing their urinary 
incontinence without help. Two boys encountered 
difficulties with inserting their catheters: one found 
it easier after he had changed to a smaller sized 
catheter but the other developed an obstruction in 
his bulbar urethra which could easily be passed with 
a metal bougie but not with a flexible catheter. 
Retrograde urethrography showed a mucosal pocket 
on the dorsal wall of the bulbar urethra in which the 
catheter tip was tending to catch. The boy also had a 
high intravesical pressure and was unable to tolerate 
either propantheline or imipramine, even in small 
doses. Eventually a permanent perineal urethrostomy 
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was established enabling an indwelling catheter to . 


be used. 


Radiographic follow-up. All children were subjected 
to intravenous urography at least one year after 
starting IC. Of 29 children with normal upper 
urinary tracts before IC, one developed dilatation of 
one ureter and kidney. Eight years previously this 
ureter had been reimplanted into the bladder to 
relieve a ureterovesical junction obstruction. Cysto- 
scopy showed that a paraureteric diverticulum had 
developed, the neck of which had a muscular collar 
which compressed the intramural ureter when the 
bladder was emptied. The diverticulum was excised 
and one vear later the ureter had returned to its 
original size. Upper tract dilatation, which was 
present in 20 children (33 kidneys) at the start of 
IC, dsappeared or was substantially reduced in 
every case. 


Effect of drugs on vesical and urethral manometry. 
Sixteen children who were given drugs to help 
control their incontinence were re-examined mano- 
metrically about one year after starting treatment. 
It was not possible in all the children to make direct 
comparisens between pre- and post-treatment 
examinations because the technique differed. How- 
ever, some observations seemed justifiable. 

Two beys who were wet despite low intravesical 
pressures at high volumes were presumed to have 
low urethral closing pressures. This was improved by 
taking imipramine (Fig. 4). In one child having 
propantheline only it was found that the amplitude 
of the vesical contractions was reduced so that a 
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Fig.4 Tracings of urethral closing pressure (A) ard 
cystometrogram (B). With imipramine, urethral closing 
pressure exceeds intravesical pressure. 
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Fig.5 Tracings of urethral closing pressure (A) and 
cystometrogram (B). Child taking propantheline 
alone. There are slow bladder contractions diminishing 
in amplitude with filling. Urethral closing pressure 
remains high. 


A 
50 
LOH Withdrawng 
mmH = 
I 20 
B 10 
50 0 
LO 
30 
20 
10 
0 _> 
ed 25 50 75 
E B 
E so 
40 
30 
20 
10 
ro i 
100 125 150 175 
+— 
10s 


Fig.6 Tracings of urethral closing pressure (A)and 
cystometrogram(B). Child is taking propantheline and 
imipramine. Intravesical pressure low, bladder 
contractions eliminated. Urethral closing pressure 
exceeds intravesical pressure, 
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series of slow pressure waves occurred without a 
reduction in urethral closing pressure (Fig. 5). Ten of 
12 children having both imipramine and propanthe- 
line had flat, low pressure tracings (Fig. 6) whereas 
previously without the drugs strong bladder con- 
tractions had occurred. The remaining 2 children 
had high intravesical pressures but so also were their 
urethral closing pressures. 

In so far as it was possible to interpret these 
findings, it seemed that imipramine alone raised the 
urethral closing pressure and propantheline alone 
reduced but did not abolish vesical contractions. A 
combination of both drugs in most cases reduced 
vesical contractions while maintaining a satisfactory 
urethral closing pressure. 


Discussion 


In this series of 49 children with neuropathic urinary 
incontinence, IC successfully controlled day-time 
incontinence in 46 (93%) and improved night-time 
incontinence as well in 43 (87%). However, only 19 
(39%) achieved this degree of control without the 
help of drugs. It is therefore, clear that manometric 
studies of the bladder and urethra are essential before 
recommending IC as a method of controlling 
neuropathic urinary incontinence. These studies 
enable an accurate prediction to be made on whether 
drugs will be necessary to achieve success. Disap- 
pointment and loss of motivation from what may 
initially appear to be failure of IC to control in- 
continence can on the basis of manometric findings 
be avoided either by starting the drugs at the same 
time as IC or at least by warning the child and his 
parents that they will almost certainly be necessary. 
Thirty (61 %) learnt to catheterise themselves without 
help and so became independent in so far as the 
management of their incontinence was concerned. 
The broadening of the horizons of their lives, 
particularly from the social and educational aspects, 
was most impressive. The technique of IC itself 
produced no complications and persistent bacteriuria 
was found to be of no significance in most of them: 
continuous antibacterial therapy was not required. 

Particularly gratifying were the short-term results 
of IC on the state of the upper urinary tract. In the 
space of one year, only one child developed dilata- 
tion, for which an obvious mechanical reason was 
discovered, and the condition of 20 with pre-existing 
dilatation improved. The blood urea level in the 2 
children with raised levels at the start of IC fell to 
5-1 mmol/l (30-7 mg/100 ml) and 7-0 mmol/l (42.2 
mg/100 ml). Renal function remained normal in all 
the other children. 

These results confirm the findings of previous 
workers: intermittent catheterisation is the method 


of choice for controlling incontinence and upper 
urinary tract deterioration in children with neuro- 
pathic bladder. The majority of these children also 
eventually learn to control their faecal incontinence 
by a variety of methods so that it becomes possible 
for them to discard their bags, pads, nappies, and 
plastic pants and to wear normal clothing. Further- 
more, the technique obviates the need for the 
expensive and time-consuming urinary diversion 
operations hitherto performed for neuropathic 
incontinence; nor need expensive urinary collecting 
appliances be provided. 


Catheters were supplied by Downs Surgical Limited, 
Church Path, Mitcham, Surrey. 
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Reve’s syndrome in children under three years old 
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SUMMARY The National Childhood Encephalopathy Study identified 37 cases of Reye’s syndrome 
in children aged between 2 and 36 months in a 3-year period, giving an estimated incidence in Great 
Britain of 0-7/100 000 children a year. The diagnostic features were neither consistently posEive in 
these cases, nor negative in 11 others later considered not to have Reye’s syndrome. The pregnosis 
was poor; the fatality rate was 46%, and 60% of the survivors were handicapped. A survellance 
scheme to investigate pathological, clinical, and epidemiological factors in this rare cond£ion is 


required. This has now been set up in the UK. 


A case of acute encephalopathy with fatty infiltration 
of the liver in a child was first described in 1929,! 
but the association was not recognised as a clinico- 
pathclogical entity until 1963.2 The syndrome was 
quickly recognised in several countries and attracted 
much clinical and pathological investigation.*~° A 
conclusive diagnosis can be made on the findings of 
a severe acute neurological illness of unexplained 
origin with the characteristic fatty liver degeneration 
on histology.® There is however, debate on whether 
other pathological indices of liver dysfunction, short 
of the morbid histology, are acceptable diagnostic 
criteria." 

The cause of Reye’s syndrome (RS) is unknown, 
although epidemiological studies have suggested 
various factors including toxins, drugs, and infections 
possibly occurring in an individual with a genetically- 
determined metabolic abnormality.® 

It occurs most often in school-aged children but 
the prognosis is worst in the younger age groups.’ '° 

Much of the available information about RS is 
derived from several large series of cases from North 
America!!—!* and from the results of surveillance 
carried out by the Center for Disease Control,’ 
based im Atlanta, Georgia. 

The neurological conditions studied by the 
National Childhood Encephalopathy Study 
(NCES#® included RS, and therefore the cases 
notified provide an opportunity to investigate patho- 
logical, clinical, and epidemiological data on RS in 
young British children. 


Patients and methods 


The NCES was set up to investigate serious neuro- 
logical disorders in children aged between 2 and 36 


months. Every paediatrician, infectious disease 
physician, and neurosurgeon in England, Scotland, 
and Wales was asked to notify the NCES of all 
children admitted to hospital suffering from certain 
defined illnesses, including RS. Clinical information 
and the results of investigations were recorded on a 
standard questionnaire. Two control subjects 
matched for sex, age, and geographical «rea of 
residence were chosen for each case from a com- 
munity-based register. The period of case cc lection 
was 3 years from July 1976 to June 1979. A monthly 
reminder letter was sent to all participants in order 
to encourage case reports. All patients were followed 
up, either by post if they had apparently recovered 
within 15 days after admission, or by a visit from a 
paediatrician and member of the research team if 
there was evidence of sequelae. The visited ca.es were 
assessed using an adaptation of the Stycar 
sequences.!? 


Case definition 


The diagnosis on each of the 1180 cases reported to 
the NCES was reviewed critically in the lignt of all 
existing information. This sometimes inclueed data 
not available to the referring clinician at he time 
of the acute illness. The final diagnosis was decided 
by consensus of the NCES paediatricians and epi- 
demiologists, taking account of all report-d infor- 
mation and the results of subsequent enquiries. The 
diagnosis of RS was considered definite ir patients 
who had an acute encephalopathy of unknown cause 
and in whom liver histology during the illness 
showed the characteristic fatty changes. If the liver 
was not examined microscopically, either »y biopsy 
or at necropsy, RS was accepted as the probable 
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diagnosis if an acute encephalopathy was associated 
with either transaminases (aspartate or alanine) 
above 100 IU/I or a macroscopically pale fatty liver 
on post-mortem examination. Hepatomegaly, hyper- 
ammonaemia, hypoglycaemia, and an increased 
prothrombin time were not included in the diagnostic 
criteria. 

A diagnosis of RS was suggested by the notifying 
clinician in 48 cases. According to the above criteria, 
6 patients had definite RS and 31 had probable RS. 
In 11 cases the notified diagnosis of RS was not 
supported and they were therefore recategorised on 
review. 

In 8 cases notified with a diagnosis other than RS 
there was an acute encephalopathy associated with 
evidence of liver dysfunction. In view of the positive 
alternative diagnosis made by the paediatrician 
during the acute illness, these cases were not included 
in the RS groups but their clinical and pathological 
findings are reported for comparison. 

The 6 cases of definite RS and 31 probable RS 
cases were grouped together and their outcome and 
epidemiology are discussed in this report. 


Results 


Clinical and pathological features. The clinical and 
pathological findings in the cases reported are shown 
in Table 1. 

The 6 definite RS cases were so categorised because 
liver histology characteristic of RS was found at 
post-mortem examination. In 4 of these cases the 
liver was enlarged. No laboratory investigations 
were performed in 3 patients who were moribund 
on arrival in hospital. Transaminases were measured 
in 2 of the remaining 3 patients and were raised in 
1 but normal in the other who had an increased level 
of blood ammonia and a prolonged prothrombin 
time. 

Of the 31 probable RS cases, 28 had raised trans- 
aminases and the other 3 had a pale fatty liver at 
necropsy but microscopical examination was not 
performed and there was no other evidence of liver 


Table 1 Clinical and pathological findings 
Hepatomegaly Raised serum Raised blood 
transaminases ammonia 
(>100 1U/1) > 100 umol!l 
> (70 ug/100 ml) 
Definite RS 4 l l 
n=6 
Probable RS 8 28 8 
n=31 
Not RS 4 S 0 
n=11 
Other diagnosis 
n=8 1 5 0 


dysfunction. Transaminases were measured and 
found to be normal in 2 of these 3 cases. Blood 
ammonia levels were measured in 13 of the probable 
cases and were above 100 umol/l (170 ug/100 ml) in 
eight. 

On review 11 cases were considered not to have 
RS. In 5 of them transaminases were raised but liver 
histology was negative for RS in 4, and the fifth 
patient was eventually rediagnosed as having 
ornithine transcarbamylase deficiency. In 2 other 
cases the liver looked macroscopically fatty but 
microscopical examination did not show the typical 
changes. In the remaining 4 cases in this group 
transaminases were not raised and neither necropsy 
nor liver biopsy was performed, although hypo- 
glycaemia (blood glucose <2-4 mmol/l, <40 
mg/100 ml) was present and 2 had a prolonged 
prothrombin time. Blood ammonia concentration 
was measured in 4 cases in this group and in all of 
them it was less than 100 umol/l (170 ug/100 ml). 

In 8 cases with an ‘other diagnosis’, transaminases 
were above the normal range and in 5 they were 
above 100 IU/l. Two had hypoglycaemia, one of 
whom had a prolonged prothrombin time. Another 
2 of these cases were found to have a norma! blood 
ammonia concentration. 

The clinical symptoms of the cases are shown in 
Table 2. All patients presented with an acute en- 
cephalopathy manifested by convulsions or coma, 




















Table 2 Clinical symptoms 
Symptoms 
Prodromal Vomiting Convulsions Coma Haemorrhage 
illness 
DefiniteRS 4 3 3 4 l 
n=6 
Probable RS 20 20 24 25 2 
n=3) 
Not RS 8 9 8 7 3 
n=T]] 
Other 
diagnosis 8 5 8 6 | 
n=8 


ee 


Prolonged 
prothrombin 


Hypoglycaemia 
<2-4 mmol/l 


Fatty liver appearance 


time (<40 mg/ Macroscopical Microscepical 
(>2 control) 100 ml) 

2 l 5 6 

9 14 7 Not done 

2 5 2 0 


or both of these. A preceding history of minor 
inflammatory illness was present in two-thirds of 
the 48 cases originally notified as RS and all of those 
notified with another diagnosis. Vomiting was a 
prominent symptom, occurring in half of the 
definite cases, 65% of the probable cases, and in 
82% of the not RS cases. It also occurred in 63% of 
those with an ‘other diagnosis’. Convulsions and 
coma were common features in all groups. Haemor- 
rhage was a rare symptom but again occurred in all 
groups of cases. 


Epidemiolegy. The 37 cases of definite or probable 
RS are considered together. Sex and age are shown 
in Fig. 1. There was no significant difference in the 
sex ratio of 17 males to 20 females. The median age 
at presentation was 12 months. 


Incidence 

The average mid-year population of children aged 2 
to 36 months in England, Wales, and Scotland 
during the NCES case collection period was about 
1 800 900. Therefore the approximate incidence of 
reported cases of RS in this age group in Great 
Britain was 0-7 per 100 000 children a year. 


Seasonal distribution 

The total number of cases presenting in each month 
during the 3-year study period is shown in Fig. 2. 
Cases oceurred throughout the year with the highest 
aggregate incidence in February. 


Association with vaccines 

In the 7-day period before the onset of symptoms 
one case had received diphtheria-tetanus-pertussis 
immunisation and another diphtheria-tetanus im- 
munisation. No patient had been given measles 
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Fig.2 Month of onset, 1976-79. 
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vaccine within 14 days. Thus no significant associa- 
tion of RS with any type of vaccine has been shown. 


Prodromal illness 

Twenty-four (65 °%) of the 37 cases had an apparently 
minor illness between 6 hours and 2 weeks before 
the acute encephalopathy of RS (Table 3). Fifteen 
cases had an upper respiratory tract infection, asso- 
ciated with vomiting in 10 and diarrhoea im five. 
Six cases had a combination of vomiting and 
diarrhoea diagnosed as gastroenteritis. 


Social class, birthweight, and breast feeding 
Case-control analyses were carried out for each 
factor. There was no statistically significant differ- 
ence between the cases and controls with regard to 
social class distribution or birthweights. Infant 
feeding history was known in 27 cases, of whom 4 
(15°) had been breast fed for at least 4 weeks. The 
corresponding figures in controls were 24 (30%) out 
of 82. However although the incidence of breast 
feeding in cases was only half that in controls the 
numbers are small and do not achieve statistical 
significance. 


Outcome. The condition of the cases at follow-up | 
year after onset of RS is shown in Table 4. Three 
children were moribund on arrival in hospital and 
died within a few hours, and a further 14 died between 
| and 7 days after admission. Six patients had 
recovered by the time of discharge from hospital 
between 7 and 31 days after admission. These, and 
an additional 2 children who still had sequelae on 
discharge home, were found to be normal on follow- 
up | year later. Twelve cases had a neuroGevelop- 
mental handicap on follow-up. Nine of these were 








Table 3 Prodromal illness 

Cases 

No 
Upper respiratory tract infection 15 å] 
Gastroenteritis 6 16 
Non-specific pyrexia l 3 
Urinary tract infection 1 3 
Minor surgery l 3 
None 13 35 
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Table 4 Outcome l year later of 37 cases 








Cases 
No ae 
Normal 8 2 
Mild developmental retardation l 3 
Severe developmental retardation 2 5 
Gross neurological and developmental 
handicaps 9 24 
Dead 17 46 
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totally unresponsive and had grossly retarded 
arrested development, and the remaining 3 had a 
lesser degree of developmental handicap. 


Discussion 


The fatty infiltration of the liver in RS was described 
by Reye, Morgan, and Baral in their Original paper? 
and they implied that it should be present in all 
cases of the syndrome. This ultimate proof is 
demanded by some American authorities before 
making a diagnosis of RS.°!8!9 Others however. 
accept raised serum transaminases as an index of 
liver dysfunction with? 10°20 or without! 21 high 
levels of blood ammonia. 

In the 48 cases notified to the NCES as RS liver 
histology was examined at necropsy in 11 cases, and 
by biopsy one day after admission in | case. Typical 
changes were reported as present in 6 and absent in 
six. Serum transaminases were measured in 39 
patients but were not consistently abnormal in the 
definite RS cases, nor were they consistently normal 
in the not RS group. The pathological investigations 
merely reflect the severe disturbance of metabolic 
function, and, like the clinical symptoms, had no 
constant pattern of distribution. However, although 
the role of hyperammonaemia in RS is unknown? it 
was the only abnormal investigation consistently 
found to be negative in cases ultimately considered 
not to have RS. In the USA blood ammonia is 
widely regarded as an important criterion and iS 
generally measured. However in Great Britain 
facilities for its urgent estimation are not always 
available and it was done in only 37% of the 48 cases 
initially considered to have RS. Even necropsy may 
not be conclusive because, although RS was sug- 
gested by a macroscopically fatty liver in 14 cases, 
microscopical examination was carried out in only 7 
of these and was negative in two. Conversely, the 
liver at necropsy did not look fatty in a further 6 
cases, of whom one showed typical changes of RS 
on microscopical examination. 

In the USA, RS typically occurs in children aged 
between 3 months and 18 years.!3 Cases have been 
reported in neonates”* as well as in adults!3 24 and 
the median age appears to have risen from under 6 
years in 1962-67 to 11 years in 1971.14 We therefore 
expected the majority of cases notified to the NCES 
to be at the upper end of the age range of 2 to 36 
months; however this was not so, the median age 
being 12 months. 

The reported incidence of RS in the USA popu- 
lation aged under 18 years during a 6-month period 
varied from 0-42 to 1-8/100 000, with a national 
mean of 0-58/100000.!3 The observation period 
was during an apparent epidemic of RS and the 


baseline incidence could be considerably lower. 
The NCES included only children under 3 years old 
and therefore the incidence of RS derived from it 
cannot be directly compared with that from an 
American series in which the majority of cases were 
older. However, even taking this into account, our 
estimated incidence in British children aged 2 to 36 
months of 0-7/100000 a year was higher than 
expected. 

An important feature of RS is the frequent occur- 
rence of a prodromal illness,2 confirmed by the 
present series. This has been related in the USA to 
infection with several viruses, the most common 
being influenza B and varicella.!!-!418 More cases 
of RS were reported to the NCES to have occurred 
in February 1979 than in any other month. This 
coincided with the beginning of an epidemic in this 
country of influenza B infection (Communicable 
Disease Surveillance Centre, 1980, unpublished 
data). Influenza virus A is found more often than 
virus B in England and Wales and also is most 
common in February. Neither these nor any other 
virus was isolated in any of the cases. 

The poor prognosis of RS. particularly in very 
young children,” is clearly seen in the NCES cases. 
The fatality rate was 46% and only 40% of the 
survivors were normal one year later. In the USA 
the case fatality rate has been steadily falling from 
83% in cases reviewed up to 1967.2 to 41% in 
1974.13 and to 23°% in 1980.5 The recent improve- 
ment is claimed to be due to earlier and more 
aggressive treatment with peritoneal dialysis,’ intra- 
cranial decompression,”* and exchange transfusion.27 
Greater awareness of the disease however, may also 
have resulted in increased reporting of less serious 
cases. In the present series 4 cases were treated in 
university hospitals with aggressive therapy using 
peritoneal dialysis or exchange transfusion. Two of 
these children died and 2 survived, one being normal 
on follow-up. Thirty-three cases were given sup- 
portive management only. Of these, 15 died and of 
the 18 survivors 7 recovered completely. The number 
of aggressively-treated cases in this series is too small 
to allow meaningful comparison of outcome. In 
addition the untreated cases may have been managed 
conservatively because they were less severely ill on 
admission to hospital, although early consideration 
of vigorous therapy has been advocated .28 


Conclusion 


The NCES has identified an unexpectedly high 
incidence of RS in children under 3 years old in 
Britain. A partial explanation may be that diagnostic 
criteria are not as strict as in the USA where facilities 
for pathological investigation seem to be used more 


often. However the 37 cases reported had good 
evidence of encephalopathy and liver dysfunction 
and, in view of the apparent reluctance in this 
country to perform a liver biopsy, justify the diag- 
nosis of RS. The lack of standardisation of diagnostic 
criteria evident among paediatricians makes analysis 
of epidemiological data and evaluation of treatment 
difficult In America, the Center for Disease Control 
has made important contributions to the under- 
standing of RS with its prospective surveillance 
scheme. A similar survey for the UK has been set up 
by the PELS Communicable Disease Surveillance 
Centre n collaboration with the British Paediatric 
Association. It will investigate cases of acute 
encephclopathy and liver dysfunction (throughout 
all ages in children) and, it is hoped, will elucidate a 
definition of RS as well as pursuing clinical and 
epidem ological factors. 


We thank all members of the NCES research team, 
particu arly Dr D R Coid, Dr A F Froley, and Dr 
P D Poore who visited some of the cases, and Mr 
N S B Rawson for statistical advice. 


The NCES was supported by a grant from the 
Depart nent of Health and Social Security. 
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Rectal absorption of diazepam in epileptic children 


SORAYA DHILLON, EUGENIA NGWANE, AND ALAN RICHENS 
Park Hospital for Children, Oxford, and Department of Pharmacology and Materia Medica, Welsh National 


School of Medicine, Cardiff 


SUMMARY 


The absorption of diazepam after rectal administration was studied in children with 


epilepsy. When given as a solution, diazepam was rapidly absorbed and produced serum diazepam 
concentrations above 200 ng/ml within 10 minutes in most children. However, a commercial 
suppository formulation was absorbed slowly and cannot be recommended for urgent treatment of 
fits. There is a need in the UK for a rapidly absorbed preparation of diazepam which is approved 


for rectal use. 


Fits are a common problem in paediatric practice; 
before age 5 years between 7 and 8°% of children 
will each have had at least one febrile or non- 
febrile fit.’ Prolonged fits in young children are 
known to be damaging to the brain, in particular to 
the temporal lobes, and may lead to chronic 
epilepsy.” Urgent treatment is therefore essential. 
Although intravenous diazepam is the drug of choice 
to terminate a prolonged fit or status epilepticus. 
this route of administration is impractical if the fit 
occurs at home. 

Intramuscular diazepam is erratically absorbed,? 4 
and this route is not satisfactory for immediate 
treatment. Rectal administration of diazepam sup- 
positories results in low plasma levels attained after 
delays of up to 2 hours. However, rectal ad- 
ministration of diazepam solution leads to rapid 
absorption with peak plasma levels within 10 
minutes,’ and this form of treatment has been 
recommended for home use; however no such 
preparation is marketed in the UK. We report a 
comparison of the absorption of diazepam in 
children after administration as a solution or a 
suppository. 


Patients and methods 


Thirteen epileptic children aged between 1 and 15 
years were studied. They had been admitted to the 
John Radcliffe Hospital, Oxford, for assessment for 
a ketogenic diet for the control of intractable 
seizures. They were regularly receiving a variety of 
antiepileptic drugs—such as phenytoin, phenobarbi- 
tone, carbamazepine, sodium valproate, and clonaze- 
pam. Informed consent was obtained from the 
parents, and the study was approved by the local 
ethical committee, Diazepam was administered 


264 


electively to assess the absorption of the drug in 
rectal solution or suppository so as to assess the 
future use of such modes of treatment at home. 
The following preparations were used: Valium 
(Roche) solution for intravenous administration 
(10 mg/2 ml) and Stesolid (Dumex, Copenhagen) sup- 
pository (§ mg and 10 mg). The children’, were 


900 


700 


4 Rectal solution 
@ Rectal suppository 





0 Case no2 
a 0:4 mg/kg 


A e 05mg/kg 


\ 


r 
l is 
ea 


| 











Case no 3 








Serum diazepam concentration ( ng/m!) 












100 «0.2mg/kg 
e0:2mg/kg 
0 
500 
a (tinea 
p / Pe 
300 / Case no4 
/ Case no5 a a O4mg/kg 
«0:3 mg/kg f » 04mg/kg 
100 e03 mg/kg 






Fig. | Individual serum diazepam concentration profiles 
in 5 children after rectal solution or rectal suppository. 
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fasted for 24 hours for establishment of the keto- 
genic det, and diazepam was administered in the 
morning of each test day. No bowel preparation 
was usei. Five children received in a random order 
either rectal diazepam solution or suppository in a 
dose of 0-2-0-7 mg/kg. After an interval of at least 
48 hours the alternative preparation was given to 
each. 

Eight additional unselected children received only 
one preparation. Diazepam solution was ad- 
ministe~ed using a plastic syringe fitted with a soft 
polyethylene catheter 10-12 cm in length. The dead 
space in the catheter was allowed for so that the 
correet dose of drug was instilled into the rectum. 
The suppository was inserted manually to one digit 
length. 

Cloteed blood samples, of | ml, were taken using 
an incwelling butterfly needle at the following 
times: before drug administration, then 5, 10, 20, 
30, and 60 minutes after rectal solution, and at 0, 
10, 20. 30, 60, 90, and 120 minutes after the sup- 
pository formulation. Determination of diazepam 
in serum was performed by gas liquid chromato- 
graphy.” 


990 Rectal solution 















Case no} (0°'7mg/kg) 


| | S” Case no 6 (0:5 mg/ kg) 
| | \ N 










7OC \ 
£ à 
aD | Case no 9 
<A j 
= Eos | (0:'5mglkq) 
g I] 
y T 
S j js Case no 8 
h <00 A = nts 1093 mg/kg) 
5 S “Case no4 (04mg/kg) 
v | N 
Š / ` 
> A S —= Case no 7 (0-4mg/kg) 
E \ \ 
E % \ a Case no 5 (C3 mg/kg) 
YD ane A < Case no2(04 mg/kg) 


~ Case no3 0:2 mg/kg) 


20 40 60 80 100 


265 
Results 


Within-subject comparison. Fig. | shows the serum 
diazepam concentration profile in each of the 5 
children who received both preparations. Diazepam 
solution was rapidly absorbed in 4 of them, aged 
1-9 years, peak serum concentrations of 350-800 
ng/ml being attained within 10-30 minutes. The 
absorption after administration of the suppository 
was slower, and peak serum levels were obtained 
after delays of 60-90 minutes in 3 children. One 
15-year-old child (Case 5) showed a slow rate of 
absorption after administration of the rectal 
solution. Peak serum concentration was not achieved 
within 60 minutes. Table 1 (upper half) shows the 
serum concentration at 10 minutes in these 5 
children. In 4 of them the serum concentration at 
10 minutes was much higher after rectal adminis- 
tration of diazepam in solution than after the 
suppository. 


All subjects. Fig. 2 shows the serum concentration 
profiles of diazepam after rectal administration of 
diazepam solution in each child. Peak serum 
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Fig > Individual serum diazepam concentration profiles in all children after rectal solution or rectal suppos‘tory. 
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Table Serum diazepam concentrations 10 minutes after rectal administration of diazepam solution and suppository 





Case Age Weight Solution 
(years) (kg) 
Dose Serum 
(nrg /kg) dlarepam 
concentrations 
(agimi) 
I 1-4 7 0-7 450 
2 2:2 i2 0-4 420 
3 6-0 21 0-2 325 
4 5.5 2i 0-4 235 
5 15-2 65 0-3 38 
6 7.2 21 0-4 T10 
7 7-8 26 0-4 330 
8 10-9 48 0-3 240 
9 5.9 18 0-5 830 
Mean 0-40 404° 
SD 0-14 255 


Case Age Weight Suppository 
(years) (kg) 
Dose Serum 
(ng/kg) diazepam 
concentrations 
(ng/ml) 
1 1-4 7 0-6 35 
2 2.2 12 0-4 100 
3 6-0 _ at 9-5 31 
4 9-5 21 0-4 81 
5 15-2 65 0-3 50 
10 3-2 16 0-6 27 
tf 4-3 15 0-6 52 
12 8-4 20 0-5 26 
13 9-0 20 0-5 121 
0-48 $8 
0-11 





*P<0-002 Mann-Whitney U test. 


concentrations were achieved in all but one within 
30 minutes and, with the exception of Case 3, who 
received only 0-2 mg/kg, serum levels remained 
above 200 ng/ml for up to 60 minutes. Serum 
diazepam concentrations after the suppository 
formulation (Fig. 2) appeared to peak 60-120 
minutes after the insertion of the suppository in 
some of them, but the duration of sampling was 
not long enough to show the peak in others. The 
rate of absorption after this route of administration 
was clearly slower than after the rectal solution. 

The Table compares the serum diazepam con- 
centration at 10 minutes after each of the two 
dosage forms. The mean dose administered in 
suppository form was slightly greater than that 
administered in solution. Despite this the serum 
diazepam concentration at 10 minutes was sig- 
nificantly higher in the children receiving the 
solution. 


Discussion 


Diazepam administered rectally as a solution is 
absorbed faster than when given as a suppository. 
Peak serum levels of only 210-390 ng/ml were 
attained after delays of 60-90 minutes in the 
majority of patients receiving the suppository. 
Information is limited on the serum concentration 
of diazepam that needs to be achieved for an 
effective anticonvulsant action to be seen. Datat? 4 
suggest that serum levels of between 150 and 300 ng/ml 
are required. Our results show that in all but one 
child levels above 150 ng/ml were attained within 
10 minutes after rectal solution, whereas delays of up 
to 60 minutes were observed with the suppository. 
Our findings agree with those of others? 171% and 
indicate that this route of administration and dosage 


form may be an effective alternative to intravenous 
administration in treating seizures in children. 

However, there is no dosage form available in the 
UK which is marketed for rectal use. In the data 
sheet for Valium Roche no mention is made of 
rectal use and indeed this has not been approved by 
the Committee on Safety of Medicines. Neverthe- 
less, mothers have been instructed to use Valium 
ampoules, drawing-up the drug with a needle and 
syringe and then administering the solution by 
placing the barrel of the syringe directly into the 
rectum or by attaching a soft polyethylene catheter 
to the syringe.’ No toxicological consequence of this 
practice has so far been reported, although sclutions 
for rectal use have been available for several years in 
Scandinavian countries: Apozepam and Vival 
ampoules for rectal use (Apothekernes Laboratorium 
for Specialpraeparater) and Stesolid rectal tubes 
(Dumex). 

Administration of a solution can present problems 
for a distressed mother faced with a convulsing 
infant. Suppositories are therefore a more convenient 
dosage form but of those preparations commercially 
available in Europe (Stesolid Dumex; Yalium 
Roche) both have the major disadvantage of a slow 
rate of absorption and are therefore unsatisfactory 
for use in an emergency.® 1 

Advances in the manufacture of suppository 
formulations are likely to lead to the development 
of rapidly absorbed suppositories, but until these 
become available, the use of rectal solution ad- 
ministered in the manner outlined by Bowe- is a 
realistic alternative. 
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Protein and fat absorption in prolonged diarrhoea 


in infancy 


M D MANN, I D HILL, G M PEAT, AND M D BOWIE 
Department of Paediatrics and Child Health, Red Cross War Memorial Children’s Hospital, 


and Institute of Child Health, University of Cape Town 


SUMMARY 


'N-yeast protein absorption, nitrogen and fat retention, stool reducing substances, 


and lactate concentrations were measured in 22 infants who had had severe diarrhoea for 7 days. 
Stool losses of nitrogen and fat were large. and an appreciable proportion appeared to be endogenous. 
The supply of nitrogen and energy might have been a limiting factor in tissue repair if stool weight 
exceeded 30 g/kg body weight a day. These results differ from those in older children with kwashi- 
orkor complicated by diarrhoea of similar severity. 


In most infants gastroenteritis or infectious diarrhoea 
is a self-limiting disease lasting 2 or 3 days. If severe 
diarrhoea persists there may be major problems in 
management and an appreciable mortality. Treat- 
ment is generally based on dietary manipulation 
and it has been stated that it is essential to maintain 
nutrition by continuing adequate food intake even 
if this actually prolongs the diarrhoea.! 

This approach is based on studies on malnourished 
children. In kwashiorkor complicated by diarrhoea, 
the most common disturbance in gut function is 
disaccharide intolerance. There is almost invariably 
a striking response to dietary manipulation, par- 
ticularly the introduction of lactose-free feeds. Even 
if lactose-induced diarrhoea is allowed to persist fat 
absorption and nitrogen retention are not affected 
although there is a moderate reduction in apparent 
nitrogen absorption. Children with kwashiorkor 
are generally older than | year whereas persistent 
or protracted diarrhoea most commonly complicates 
acute gastroenteritis in infants under age 6 months. 
There are also differences in cellular immunity? and 
gut morphology.* 

This paper reports the results of a study on protein 
absorption and nitrogen and fat balance in infants 
with prolonged diarrhoea. 


Patients and methods 


The infants aged between 3 weeks and 1 year had a 
history of diarrhoea for less than 72 hours when 
they were admitted to hospital for intravenous 
rehydration. Diarrhoea persisted and 6 days after 


admission they still required intravenous fluids to 
maintain hydration. No antibiotics or chemo- 
therapeutic agents other than penicillin had been 
given and most infants had been fed on full-cream 
or modified cows’ milk formula followed by a soy- 
based formula. There was no oedema, and none of 
the skin lesions associated with nutritional diseases. 

On day 7, 35 boys were taken into the study and 
nursed on metabolic beds for 5 days. Routine investi- 
gations included urine and stool specimens examined 
microscopically and cultured. Blood culture, haemo- 
globin, total serum protein, serum protein electro- 
phoresis, serum electrolytes, pH, PCO», and standard 
bicarbonate estimations were also done. If clinically 
indicated the investigations were repeated. All the 
infants were given parenteral penicillin and genta- 
micin in case of undetected infection. 

During the first 24 hours all the infants received 
120 ml of full-cream cows’ milk formula per kg body 
weight. Infants were then allocated randomly to one 
of 3 commercial feeds; a full-cream cows’ milk 
formula (Nespray), a soy-based formula with the 
carbohydrate as sucrose (Sobee), or a casein-based, 
low-lactose formula with glucose as the principal 
carbohydrate (AL 110). If the bacteriological screen- 
ing tests showed that an infant had a urinary tract 
infection, a known pathogen in the stool, or a 
bacteraemia, he was excluded from the study. Three 
infants who were subsequently found to have mono- 
saccharide intolerance were also excluded. The 
results of the 13 infants with demonstrable infection 
or monosaccharide intolerance will be reported in 
another paper. 


268 


Protein and fat absorption in prolonged diarrhoea in infaney 269 


For th next 96 hours of study (days 8 to 11 after 
admissio™ to hospital) the infants were fed 13-16 ml 
per kg kody weight of the allocated feed every 3 
hours—tbat is 105 to 130 ml/kg a day. Fifteen mg 
per kz tədy weight of !°N-yeast protein?® and a 
carmime marker were added to the third feed. All 
bottles være weighed before and after feeds. The 
bottle tc which the 'N-yeast protein had been 
added wes rinsed thoroughly and the washing stored 
at — 20° for subsequent analysis. Aliquots of the 
feeds wee stored in the same way. 

Each tool and urine specimen was collected 
separatel~ and the time of evacuation noted. Urine 
was collected in bottles containing | ml of toluene 
and | ml 5 mol/l hydrochloric acid. Stool specimens 
were frozen immediately. At the time of analysis the 
volume of each urine specimen, and weight of 
each stol were recorded. Aliquots of each urine 
specimer stool, and feed, and of the washings of 
the '°N--east protein feed were digested using the 
micro K eldahl technique. The total nitrogen con- 
tent wat measured by the phenol-hypochlorite 
method? and the ®N/!4N ratio with a Packard N 
analyser, after release of nitrogen with hypobromite.” 

The to al daily nitrogen intake and urine and stool 
excretiom were calculated. These results were used to 
obtain values for nitrogen balance and apparent 
nitrogen absorption in a specified period. Apparent 
nitrogen absorption was defined as 

(N irake 100% 

The absœption of !5N-yeast protein was calculated 
from the ČN intake and the !®N content of the stool.® 
Aliquots of stool of appropriate size were pooled for 
measurement of daily total stool reducing sub- 
stances.’ lactate,!" and faecal fat excretion during 
the last ~2 hours of the study period, days 9 to I1 
after admission to hospital.!! Fat intake during this 
period was also measured. Total stool reducing 
substances were expressed as mmol glucose. Ap- 
paren! fet absorption was calculated in the same 
way as apparent nitrogen absorption. 


N in stool)/N intake x 


Results 


Twenty-t vo infants had no demonstrable infection 
or mono.accharide intolerance. Seven received the 
full cream cows’ milk formula, 7 the soy based- 
formula, and 8 the low-lactose formula. The medians 
and ranges of their ages, weights, weights as a per- 
centage cf their expected weight for age, and total 
serummpretein and albumin concentrations are given 
in Table 1. 

In ell oups there was a tendency for stool weight 
to deeresse between days 8 and 11. The medians 
and ranses of stool weight, total stool reducing 


Table 1 Median and range of age, weight, % expected 
weight for age, total serum protein, and serum albumin 
concentrations 


EE 





Full-cream Soy milk Low#actose 
milk (a=7) milk 
(1 =7) (n=) 
Age (months) 3 5 4 
(O-8toll) (O-8to9) (2 tor8-5) 
Weight (kg) 4-6 4-0 4-8 
(2-2to7-5) (2-9to7-5) (2-St08-5) 
°% Expected weight forage 67 80 81 
(43 to 99) (63 to 85) (50 t 98) 
Total serum protein (g/l) 50-6 55-6 54-6 
(45-0t0 64-0) (48 -Oto 70-7) (44-9 to 76-2) 
Albumin (g/l) 26-9 29-0 25.6 


(22-8to31 -4)(22-5to33-9)(228 to 36-1) 








substances, stool lactate, and apparent mtrogen 
absorption on day 8 are given in Table 2 with the 
values for the absorption of !N-yeast proten. The 
relationship between stool weight and '°N-yeast 
protein absorption is shown in Fig. 1. 

All the infants had a distinct, sharp, symmetrical 
peak of 5N in the stool 14 to 18 hours after the 
ingestion of '°N. This coincided with the passage of 
the carmine marker. After this peak, steol 1N 
excretion appeared to be related to the severity of 
the diarrhoea. When stool weight was less than 30 
g/kg body weight, stool 1°N was low and fellowed 
the same course as urinary N. The N atoms % 
excess in stool was between one-tenth and cne-half 
that in urine passed at the same time. As stool weight 
increased, and particularly when it was over 30 g/kg 
a day, the same general pattern occurred, but several 
small late peaks appeared to be superimpesed on 
the overall trend. There was always a distinct gap 
between the initial peak and these late peaks. Like 
the initial peaks, the late peaks were sharp and 
symmetrical with no evidence of tailing. Between 
the late peaks, '°N atoms % excess in the stool was 
one-tenth to one-half that in urine passec at the 
same time, but the peak values were similar t those 


Table 2 Medians and ranges of stool weight, total stool- 
reducing substances, stool lactate, and apparent narogen 
absorption on day 8, and of *N-yeast protein abserption 














Full-cream Soy milk Low-lactose 
milk milk 
Stool weight (g/kg a 122 62 59 
day) (7-3to 180) (14to 167) (10 m 154) 
Total stool reducing 0-09 0-04 0-18 
substances (mmol (0 to1-42) (0-03 to0-65) (0-@to0-79) 
glucose/kg a day) 
Stool lactate (mmol/kg 1-2 l-4 2-6 
a day) (0-07to16-6) (0-09 to 13-2) (0-0 to 15-1) 
Apparent nitrogen 44 47 53 
absorption (%) (—32to91) (—136to83) (— Œ to 86) 
ISN-yeast protein 79 89 64 
absorption (%) (57 to 96) (69 to 98) (16 t 88) 
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Fig. 1 Relationship between N-yeast protein 
absorption and stool weight in infants fed on full-cream 
cows’ milk (@), soy milk (IM), and low-lactose milk (A). 


of the urinary values. They did not exceed the initial 
peak urine values. These late stool peaks did not 
occur at regular intervals. In all the infants there was 
an overall trend for the peaks to become smaller 
but there were often large differences in the amplitude 
of successive peaks. The time between the late peaks 
Was not constant and there was no relationship 


between the weight of the stool specimen and the 
‘ON content. 


Table 3 Medians and ranges of stool weight, total 
stool reducing substances, stool lactate, nitrogen intake, 
apparent nitrogen absorption, and nitrogen balance on 
days 9 to 11 inclusive 


i 








Full-cream Soy milk Low lactose 
milk milk 
Stool weight (g/kg a day) 92 30 24 
(13 to 205) (9to 139) (14 to 229) 
Total stool reducing 0-13 0-07 0-73 
substances (mmol (0 to 2-7) (0-0to 1-6) (0-02 to 3:25) 
glucose/kg a day) 
Stool lactate (mmol/kg 7-5 5-8 9.3 
a day) (1-3 to 204-1) (0-6 to 43-7) (1-3 to 171-3) 
Nitrogen intake 64 77 77 
(mmol/kg a day) (46 to 84) (55 to 100) (68 to 90) 
Apparent nitrogen 34 50 69 
absorption (% (—71 to 84) (7to92) (— 139 to 84) 
Nitrogen retention —1-6 6-8 23 
(mmol/kg a day) (—70 to 30) (—19to28) (121— to 47) 


Table 4 Medians and ranges of fat intake, apparent fat 


absorption, and fat balance on days 9 to 11 inclusive 
gba ec ei a 





Full cream Soy milk Low lactose 
milk miik 

Fat intake (g/kg a day) 2-8 2-7 3-1 
(2-3to3-3) (2-3to3-0) (2-5to3-5) 

Apparent fat absorption 34 36 50 

(>) (32 to 74) (—25to 86) (l6to91) 

Fat retention (g/kga day) 0-99 0-98 1-29 

(—0-99to (—0-64to (0-49to2-51) 
2-17) 2-33) 


rr 


Tables 3 and 4 give the medians and ranges of 
stool weight, total stool reducing substances, stool 
lactate, nitrogen intake, apparent nitrogen absorp- 
tion, nitrogen balance, fat intake, apparent fat 
absorption, and fat balance on days 9 to 11 inclusive. 
Figs 2 to 6 show the relationship between stool 
weight and nitrogen balance, apparent nitrogen 
absorption, apparent fat absorption, total stool 
reducing substances, and stool lactate. 


Discussion 

It has been assumed that the initial stool }°N peak 
associated with the passage of the carmine marker 
was unabsorbed !°N-yeast protein and that the rest 


of the '°N was absorbed.’ This is probable in those 
infants who did not have multiple small late peaks 
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Fig. 2 Relationship between nitrogen retention and 
stool weight on days 9 to 11 inclusive in infants fed on 
full-cream cows’ milk (@), soy milk (W), and low- 
lactose milk (A). 
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substances and stool weight on days 9 to 11 inclusive in 
infants fed on full-cream cows’ milk (@), soy milk (W), 
and low-lactose milk (A). 


Fig. 3 Relationship between apparent nitrogen 
absorp*ionand stool weight on days 9 to 11 inclusive in 
infants fea on full-cream cows’ milk (@), soy milk (W), 
and low-lactose milk (A). 
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of '°N in the stool. It is possible that the late peaks 
were unabsorbed !°N-yeast protein as there is a wide 
divergence between different markers of intestinal 
transit time in children with gastroenteritis. Even if 
this were so the additional amount of !°N unabsorbed 
would be less than 10 °%. !°N-yeast protein absorption 
is only moderately reduced and does not fall rapidly 
with increasing stool weight. 

Apparent nitrogen absorption was very poor, 
falling rapidly with increasing stool weight. If the 
absorption of milk and soy protein is similar to 
that of yeast protein most of the nitrogen in the stool 
would have been endogenous in origin. A significant 
proportion of this nitrogen must have been derived 
from pools which are not labelled with significant 
amounts of !°N. Likely sources are gastrointestinal 
mucosa, secretions, and plasma proteins. Most 
infants presenting at this hospital with acute 
diarrhoea have serum albumin levels above 30 g/I.!° 
The low levels found in these infants on the 7th day 
of persistent diarrhoea could be interpreted as 
evidence for significant gastrointestinal loss of 
plasma protein. Another possible source is the 
amino-acid pool. Although this is labelled with 
significant amounts of !°N the level of enrichment 
falls rapidly. Ghadimi eż al.!? found markedly 
increased levels of amino-acid in the stool in 
diarrhoeal disease as well as increased loss of protein 
and total nitrogen. Whatever the source of the 
endogenous faecal nitrogen, the losses in stool were 
so great that it is unlikely that the infants had 
sufficient nitrogen available for tissue repair let 
alone normal growth. This is supported by the 
finding of a low or even negative nitrogen balance 
(retention). 

Anenergy deficit is also likely as the large nitrogen 
losses were associated with high stool fat levels. 
The apparent absorption of both nitrogen and fat 
fell as stool weight increased with very low or 
negative values when this was more than 80 g/kg a 
day. The finding of negative fat balances in a few 
children was particularly surprising and suggests 
that like nitrogen, much of the fat in the stool was 
endogenous in origin. The most likely sources are 
massive exfoliation of mucosa and the loss of free 
fatty acids into the lumen of the gut.! 

Gut function in these infants appears to differ 
from that found in older children with kwashiorkor. 
In this study the impairment of apparent absorption 
of nitrogen and fat was much greater than that in 
kwashiorkor complicated by diarrhoea of similar 
severity. Disaccharide intolerance appears to be less 
important. Although stool lactate and reducing sub- 
stances rose as stool weight increased, there was a 
poor response to dietary manipulation. In contrast 
disaccharide intolerance, particularly lactose intoler- 


ance, is a major factor in determining the severity of 
the diarrhoea of kwashiorkor.’® Infants with pro- 
longed diarrhoea therefore differ from older children 
with kwashiorkor complicated by diarrhoea in the 
magnitude of stool nitrogen and fat losses and poss- 
ibly in the principal mechanism of the diarrhoea. 

The continuing wastage of essential nutrients in 
the presence of impaired absorption makes it un- 
likely that an adequate oral food intake can be 
achieved in the infant with severe diarrhoea. A 
solution to this problem would be the early intro- 
duction of total intravenous nutrition but this is not 
practical if large numbers of infants with persistent 
diarrhoea require treatment. Another possibility is 
treatment which will terminate or reduce the severity 
of the diarrhoea as the stool losses increase with 
stool volume. In our hands the use of an anti- 
bacterial/cholestyramine cocktail has proved very 
effective.!® 


We thank Professor O A M Lewis of the Department 
of Botany, University of Cape Town, for allowing 
us to use the '°N analyser, and the South African 
Medical Research Council, the Mobil Research 
Associateship, and the McCaul Bell bequest for 
financial and technical support. 
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Necrotising enterocolitis in the very low birthweight 
infant: expressed breast milk feeding compared 
with parenteral feeding 


F EYAL, E SAGI, I ARAD, AND A AVITAL 


Department of Paediatrics, Hadassah University Hospital, Mount Scopus, Jerusalem 


SUMMARY The incidence of necrotising enterocolitis (NEC) in very low birthweight infants 
(VLBW 1500 g) was reduced by the delayed onset of enteral feeding. Eight (18 %) out of 44 VLBW 
infants who were in hospital during the first year of the study developed NEC. During the next 
12 months 85 similar infants were initially fed by parenteral nutrition only. and then from age 
14-21 days with infant formula. During the second year only 3 (3%) patients developed NEC. 
There were no other relevant changes in management. Throughout the entire study, the onset of 
NEC in each infant in whom it occurred was after the start of enteral feeding. We recommend 
avoiding enteral feeding in VLBW infants during the period that they are particularly vulnerable— 
namely the first 2 or 3 weeks of life. 


Necrotising enterocolitis (NEC) is a serious problem 
in very low birthweight infants (YLBW< 1500 g), 
and it was therefore of considerable interest when 
Barlow and colleagues! * showed that experimental 
NEC was prevented in a rat by feeding expressed 
breast milk (EBM). This finding was soon adopted 
and extrapolated to human newborn infants,? and 
neonatal units renewed their interest in human milk 
banks. New criteria for collecting and using milk were 
suggested,?° but after a year of daily struggle to 
ensure fresh supplies of EBM for our VLBW 
patients, we were still encountering a considerable 
number of cases of NEC. A decision to change our 
feeding policy was made in accordance with the 
growing evidence for the role of enteral feeding in 


the pathogenesis of NEC.®-8 We present our 
experience during 2 consecutive years of early EBM 
feeding and delayed formula feeding in VLBW 
infants. 


Subjects and methods 


During two consecutive years, from May 1977 to 
April 1979, 342 newborn infants were in hospital in 
the newborn intensive care unit of this hospital. 
One hundred and twenty-nine (37-3 %) were VLBW 
infants (<1500 g). During the second year, the 
number of admissions and the number of VLBW 
infants were almost double those of the first year 
(Table 1). 





Table 1 Characteristics of the infants of very low birthweight (< 1500 g) during the 2-year period 
Infants First year Second year 
(n > (n = 85) 





Gestational age (weeks) 
Birthweight (g) 


Range 26-34, mean 28-5 + 2.0 
Range 705-1500, mean 1167 + 238 





Range 25-34, mean 27-5 + 3-0 
Range 620-1500, mean 1046 + 210 


No of referred patients 14 (32) 45 (53) 

No of infants 

t With Apgar score <6 at one minute 14 (32) 28 (33) 

ı With respiratory distress 32 (72) 64 (75) 

t Necessitating mechanical ventilation 26 (59) 50 (58) 

~ Undergoing exchange transfusion 18 (41) 31 (36) 
Having umbilical artery catheter 40 (91) 76 (89) 

Overall survival 29 (66) 58 (68) 

Incidence of NEC 8 (18-2) 3 (3-5)* 


ne mene SSS 
Percentages are shown in brackets. 
*P<0-01, Fisher’s exact test. 
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The feeding policy during the first 12 months was 
to use EBM exclusively for all VLBW infants. 
EBM was supplied by the infant’s own mother or 
donated by mothers in the maternity department. 
The milk was pumped into a sterile glass container, 
and was used raw or refrigerated within 24 hours. 
Samples of EBM were sent randomly for culture. 
The feeding technique was continuous nasogastric or 
nasojejunal drip, starting on the second or third day 
of life. The daily increment was 10-20 ml/kg and the 
total intake was limited to a maximum of 180 ml/kg 
a day. Most babies were receiving at least half of 
their intake enterally by the end of the first week. 
The rest of the fluid intake was given as a 5-10% 
dextrose infusion. 

During the second year the feeding policy was 
changed. Extremely low birthweight infants (<1000 
g) were not fed enterally before age 3 weeks, and 
those weighing 1001-1500 g at birth were not fed 
enterelly until at least the 14th day, and some not 
until the 2lst day. Feeding consisted of infant 
formula (SMA, Wyeth Laboratory or Similac, 
Ross Laboratory) in the same amounts and 
using the same technique as before. Total parenteral 
alimentation was used through peripheral veins to 
provide nutrition until enteral feeding took over. 
The amount of parenteral fluid was reduced 
gradually, according to the increase in enteral intake. 

NEC was suspected if the characteristic clinical 
signs were present—namely abdominal distension, 
gastric residue, bile in the gastric aspirate, and 
bloody stools. The diagnosis was confirmed either by 
radiological evidence of pneumatosis intestinalis, 
free air in the peritoneum or the portal vein, or by 
pathelogical examination. Only patients who 
developed NEC in our unit were considered. 


Resutits 


Despite the increase in the number of admissions and 
the growing number of referred patients during the 
second year, the incidence of NEC in VLBW infants 
was reduced from 18-2 to 3-5% (P<0-01) (Table 1). 

In VLBW infants who developed NEC, the age at 
onse: of the disease was significantly earlier in the 
early EBM-fed group (P<0-05) (Table 2). During 
the entire period no case of NEC was encountered in 
any patient not fed enterally. The population of 
VLBW infants was similar in the 2 years for gesta- 
tiona! age, birthweight, incidence of birth asphyxia, 
incidence and severity of respiratory distress, and 
frequency of umbilical vessel catheterisation (Table 
1). Two of the 8 VLBW infants who developed NEC 
durmg the first year underwent surgery and 3 of the 
8 survived. None of the 3 NEC patients during the 
second year needed surgical intervention and 2 
survived. 


Table 2 Infants of very low birthweight (1500 g) who 
developed necrotising enterocolitis during a 2-year period 





Infants First year Secomd year 
(n = 8) (n = 3) 


Gestational age (weeks) range 26-30 26-29 
Birthweight (g) range 705-1400 800- "100 
No of infants 
With Apgar score <3 at one minute 1 1 
With respiratory distress 5 1 
Undergoing exchange transfusion 2 2 
With umbilical artery catheter 6 2 
Age at onset of disease (day) range 7-24 23-60* 


*P<0-05 by Fisher’s exact test using a threshold. 


During the same 2 years, 4 cases of NEC were 
encountered in patients with birthweight > 500 g. 
One of the 4 occurred during the first year, the other 
3 during the second. The incidence of NEC in this 
birthweight group was 1-4 and 2-2% respectovely. 

Thirty-seven of 43 EBM samples tha: were 
cultured grew saprophytic bacteria—such as 
Staphylococcus epidermidis or Streptococcus viridans, 
in concentration of 10* or less per 1 ml. No potential 
pathogenic bacteria were isolated. 

Routine cultures of the intravenous alimentation 
fluids were taken if bacteraemia was suspected. No 
case of bacteraemia was traced to parenteral 
alimentation. 


Discussion 


The incidence of NEC in our nursery was sign ficantly 
reduced by instituting a policy of delayed feeding in 
susceptible preterm infants. 

Although the exact aetiology of NEC is not yet 
defined, certain facts concerning its pathogenesis have 
been elucidated. The absence of the disease in 
stillbirths suggests it is an acquired condition? Many 
now believe that the pathogenesis of NEC depends 
on the interaction of 3 factors: disturbed imtestinal 
mucosal integrity, the presence of pathogenic 
bacteria, and availability of a substrate to promote 
the growth of bacteria—namely food.’ ! Injury to 
the intestinal mucosa may be caused by a wide variety 
of temporary inevitable events that happen regularly 
in a newborn intensive care unit—such as asphyxia, 
shock, umbilical vessel catheterisation, and exchange 
transfusion.’ '! 1? Prevention of bacterial overgrowth 
by the use of prophylactic antibiotics fed enterally has 
been advocated,!* but the hazards of emergence of 
resistant organisms'* makes this suggestion 
potentially dangerous. The only factor that can be 
controlled satisfactorily is feeding. 

Although the two modes of feeding in our nursery 
were not used simultaneously, the lower inadence of 
NEC in VLBW infants who received late enteral 
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feeding is unlikely to be explained by the epidemic 
cluster of cases, characteristic of some outbreaks. 
The incidence of NEC in our population of preterm 
infants with birthweight above 1500 g in whom there 
was no change in feeding policy, and who continue 
to receive early enteral feeding with formula or 
EBM actually increased during the second year. 

The role of feeding in our patients is further 
stressed by the late occurrence of the disease during 
the second year, and the lack of NEC in all 85 
late-fed VLBW infants, during their most vulnerable 
period—namely the first 2-3 weeks of life.7 12 16 

The lack of protection of EBM against the 
development of NEC in human newborn infants has 
been reported previously.!? 18 Trying to explain this 
failure, Kliegman and colleagues!’ gave 3 possible 
explanations: contamination of milk by pathogenic 
bacteria, inappropriate antibody supply due to the 
use of EBM from women (including the mother) who 
do not share the infants’ intestinal flora, and the 
effects of storage on the cellular components of 
EBM. We do not believe that milk contamination 
could have been a factor in our cases in view of the 
negative bacteriological findings, but the other 2 
explanations may be relevant. 

The progress in the use of parenteral nutrition has 
made it more acceptable for preterm infants, and the 
danger of bacteraemia has been reduced by using 
peripheral veins.!® 

VLBW infants are at greatest risk of developing 
NEC and our results suggest that it is safest to 
withhold enteral feeding in these susceptible infants 
during the first 2-3 weeks of life. 


We thank Professor R Bloch for help with the 
statistical analysis and Professor S Godfrey for 
reviewing the manuscript. 
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Clinically important immunological processes in 
acute and fulminant hepatitis, mainly due to 
hepatitis B virus 


M K R MACKENJEE, P KIEPIELA, R COOPER, AND H M COOVADIA 


Department of Paediatrics and Child Health, Natal Institute of Immunology, and 
Department of Microbiology, University of Natal, South Africa 


SUMMARY Clinically useful criteria were found by studying immunological functions on admission 
in 15 African children with acute hepatitis (AH) (11 of whom were HB,Ag positive) and in 11 
children with fulminant hepatic failure (FHF) (8 of whom were HB,Ag positive), and by comparing 
these results with normal controls. Nine of the FHF patients died. All the AH patients survived 
despite the development of transient liver failure in seven. There was significant diminuton of 
components of the classical and alternative pathways of complement and total haemolytic comple- 
ment in FHF compared with AH, and in both groups in comparison with controls. Cellular immunity 
tested by phytohaemagglutinin and HB,Ag transformation of lymphocytes and leucocyte migration 
inhibition with HB,Ag, were more impaired in FHF than AH. These indices were reduced in both 
groups of patients compared with controls, except for HB,Ag lymphocyte transformation which was 
significantly higher in AH than in controls. The most important index correlating with severity of 
clinical disease was C3. It was lowest in FHF, but within this group was highest in 2 patien who 
survived, and in AH the C3 on admission was significantly lower in patients who subsequently 
showed signs of transient liver failure than in those who did not. The prothrombin index was less 
sensitive in differentiating serious from mild illness. It is suggested that C3 levels can be helpful in 
monitoring patients with acute liver disease. 


In infection due to hepatitis B virus, which is non- 
cytopathogenic, hepatic injury and therefore clinical 
disease. appear to be the result of a variable immune 
response of the infected individual! In chronic 
carriers of hepatitis B virus, large amounts of 
HB,Ag are-detected in blood and liver tissue without 
associated clinical disease.” If HB,Ag is associated 
with cinical disease some of the tests of immune 
function appear to be compromised in acute 


make possible early 
treatment. 


institution of apprepriate 


Patients and methods 


Patients. African children with AH and FHF were 
studied. 


Acute hepatitis 


hepatitis (AH) and to an even greater extent in 
fulminant hepatic failure (FHF).* A few studies have 
shown reduced complement components in AH, 
FHF, and chronic liver disease.4® These tests 
however, did not consistently predict outcome of the 
illness. A recent study of FHF in children also failed 
to detect any prognostic indices, other than pro- 
thrombin index.® 

We report a study of biochemical and immuno- 
logical parameters in patients with AH and FHF 
mainly due to HB.Ag, with a view to finding out if 
immune functions influence the clinical outcome, 
and aso to identify prognostic factors which may 


AH was defined as acute illness with jaundiee and 
biochemical evidence of acute liver disease, in the 
absence of clinical evidence of liver failure, en ad- 
mission to hospital. Such cases were further sub- 
divided into uncomplicated and complicated cases. 
Complicated cases were those in which at least one 
of the following developed subsequently: fetor 
hepaticus, flapping tremor, or encephalowathy; 
the last was graded on a I to IV scale. 
These children received no specific treatmert. 


Fulminant hepatic failure 
FHF was defined as jaundice and encephalepathy 
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on admission, with no history of previous liver 
disease, and the present illness being of less than 8 
weeks’ duration. 

These children were given antibiotics, intravenous 
dextrose, protein-free diet, vitamin K, and high 
bowel washouts. 

Steroids were not used in either group of patients. 


Controls. Normal values in African children for the 
various tests used hadalready been established in 
this laboratory. Controls for migration inhibition 
and lymphocyte transformation due to HB,Ag were 
15 normal African children, within the same age 
range as the patients, who formed part of an epi- 
demiological study of prevalence of HB,Ag carrier 
rate. All 15 were negative for HB,Ag. 


Methods 


All tests were performed within 24 hours of admis- 
sion. Biochemical tests were performed by standard 
methods. 

The HB.Ag was detected by the haemagglutina- 
tion-inhibition test. Complement components C3, 
C4, and factor B were estimated in plasma by radial 
immunodiffusion, and total haemolytic component 
and alternative pathway measured by radial assay. 

Phytohaemagglutinin (PHA) and HB,Ag trans- 
formation of lymphocytes was performed by a 
routine method and assessed by incorporation of 
144C_thymidine into lymphocytes in inactivated 
human antibody serum, cultured for 72 hours if 
using PHA and for 168 hours if using HB;Ag. 
Results are expressed as disintegrations per minute 
(d/min). 

HB,Ag was prepared from a pool of known 
HB, Ag plasma by ultracentrifugation for 3 hours at 
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150000 g. The pellet was mixed with a small 
quantity of supernatant to achieve a high coneentra- 
tion of HB,Ag. This was filtered through a 042 um 
millipore filter and used at a dilution of 1M0 for 
migration inhibition and at 1/100 for lympnocyte 
transformation. These dilutions had been shown 
to give optimum results in preliminary experments. 

Migration inhibition of leucocytes using HB,Ag 
was performed in agarose medium. Resuls are 
expressed as the inhibition index which was cerived 
from the following formula: °% migration inh bition 
(MI)=extent of migration with antigen/extnt of 
migration without antigen x 100; inhibition irdex= 
100—% MI. 

Statistical analysis was carried out by the Mann- 
Whitney U test and Spearman’s rank correlation 
coefficient. 


Results (Table 1) 
Patients. 


Acute hepatitis (n= 15) 

The age range was 3 to 11 years and 11 were boys. 
Thirteen were HB.Ag positive. The condition of 7 of 
these 15 patients became complicated during the 
first week. The duration of fetor hepaticus, flapping 
tremor, or encephalopathy was between 3 and 7 days. 


Fulminant hepatic failure (n= 11) 

The age range was 2 to 11 years and 9 were boys. 
Eight were HB,Ag positive and 2 patients had posi- 
tive blood cultures for Escherichia coli. Two patients 
survived but the others died within 72 hours of 
admission. One patient was azotaemic. Liver 
histology at necropsy, which was availabe in 8 
patients, showed acute massive liver necrosis n all. 


Table 2 Complement components and tests of cell-mediated immunity in acute hepatitis and fulminant hepatic 


failure compared with controls 








Patients C3 C4 Alternative pathway Factor B Total haemolytic Lymphocyte Migrason 
(mg/100 ml) (mg/100 ml) CA (mg/100 ml) component (%) transformation inhibit.on 
(d/min) HB,Ag 1/10 
inhibition 
PHA HB.Ag index 
1/100 
Controls 1l19+17T 54+14 100* 39+ 9 68+7-5 20 +7ł 1448+151 174+ 7 
Acute 
hepatitis 57+18 23+10 354-48 254-35 42447 13+6 4744+542 61S 
Fulminant 
hepatic 
failure 17+16 5+ 6 11424 0 14.5+25 9+5 92447 —It J 
Significant P values 
Controls: <0-002 <0-002 — — — <0-02 <0-002 <0-02 
AH 
Controls: <0-002 <—0-002 — — <0-002 <0:002 — <0-0@ 
FHF 
AH:FHF <0-002 ~ 0-002 — 0-002 — -0-002 — <0-02 <0-0Q 


AH:FHF <0-002 I E OOO 


*Value for pooled normal human serum: tmean +SD; ł x 103. 
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Immunological tests (Table 2) 


Complement. The C3 both in AH (mean 57+SD 18 
mg/100 ml) and FHF (17-+16 mg/100 ml) was 
significantly lower than in controls (119-+-17 mg/100 
ml) (P<0-002) and the level in FHF was signi- 
ficantly lower than in AH (P <0-002). Furthermore, 
in the AH group, the levels in complicated cases 
(41 +9 mg/100 ml) were significantly lower than in 
the uncomplicated (71 +11 mg/100 ml) (P<0-002) 
ones. In the FHF group, the 2 patients with the 
highest levels of C3 survived. 

C4, total haemolytic component, factor B, and 
alternative pathway were each significantly lower in 
both AH and FHF than in controls (P <0-002). 
The reductions were more profound in FHF but, 
unlike C3, there was no significant difference between 
complicated and uncomplicated AH and the 2 
survivors of FHF did not have the highest levels. 


Cell mediated immunity. Results were available for 
12 of 15 AH patients and for 11 of 12 FHF patients. 
The PHA transformation of lymphocytes in AH 
(13+6 d/min) 10% was significantly lower than in 
controls (20-+7 d/min) 108 (P <0-02) and was even 
more reduced in FHF (9+5 d/min) 103 (P <0-002). 
There was no statistically significant difference 
between AH and FHF although in the latter PHA 
transformation of lymphocytes was lower. 

Lymphocyte transformation with HB,Ag (474+ 
542 d/min) was significantly greater than in controls 
in AH (148 +151 d/min) (P<0-002), but not in FHF 
(92+47 d/min). There was a significant difference 
between AH and FHF (P <0-02). 

Migration inhibition of leucocytes in both AH 
(6+19 d/min) and FHF (—1+7 d/min) was 
significantly less than in controls (17+-7 d/min) 
(P <0-02 and <0-002 respectively) and in addition 
in FHF was significantly less than in AH (P <0-002). 


Biochemical tests 


The prothrombin index was considerably less in 
both AH (70+15%) and FHF (30+ 15°) compared 
with controls (100°) and furthermore was signifi- 
cantly less in FHF compared with AH (P <0-002). 
It was significantly less in complicated (59+8%) than 
in uncomplicated AH (81 +11 %) (P <0-05). One of 
the two survivors in FHF had the highest level of 
prothrombin index (65 °%) in that group. 

The results of the remaining biochemical tests 
(aspartate transaminase and serum bilirubin level) 
were similar in AH (889+ 687 UJI: 2354+15 umol/] 
respectively) and FHF (1029-1677 U/l; 1984-93 
umol/l respectively). 


Correlation. There was a significant correlation 
between C3 and prothrombin index (P <0-05) in 
FHF and AH but not among any of the other 
parameters studied. 


Discussion 


We have shown that in comparison with normal 
controls, children with AH and FHF have a signifi- 
cant diminution in quantity and function of comple- 
ment proteins and this is accompanied by alterations 
in tests of cellular immunity. Such changes were 
nearly always more profound in FHF. The results 
indicate that there were abnormalities in both 
classical (C4) and alternative pathways of comple- 
ment in both groups of patients. The most important 
index correlating severity of clinical disease with 
immunity was C3. This accords with the pivotal role 
of C3 in the complement cascade. C3 was lowest in 
fulminant disease but within this group was highest 
in children who survived. In AH, the C3 on admis- 
sion was lower in patients who subsequently deve- 
loped signs of transient liver failure than in those 
who did not. C3 may therefore predict survival in 
FHF and impending liver failure in AH. C3 measure- 
ments are simple assays and may be used easily and 
frequently to monitor patients with acute liver 
disease. In support of these findings is the observa- 
tion that persistent infection and progression to 
chronicity after AH can be predicted by the demon- 
stration of complement on hepatocytes during the 
acute phase.’ 

The treatment of FHF is unsatisfactory and there 
is a high mortality. Newer methods of treatment for 
this disease—for example haemodialysis using 
polyacrylonitrile membrane “may be initiated and 
appropriately assessed according to C3 levels. Most 
children with AH do not require any specific treat- 
ment and therefore C3 measurements will not 
materially alter the management. However, in the 
few who develop signs of impending liver failure and 
who need more intensive observation and treatment, 
C3 measurements can be helpful. The large propor- 
tion of patients with AH who developed signs of 
liver failure in this series reflects the fact that only 
the moderately and severely ill were admitted to 
hospital. 

The diminution of complement demonstrated in 
both diseases may in part be due to excessive 
consumption. The wide range of specific antibodies,’ 
autoantibodies,!® specific lymphocytotoxicity,!! the 
presence of IgG on hepatocytes,!? and circulating 
soluble immune complexes in hepatitis B virus 
disease,!? indicate the extent of possible mechanisms 
capable of triggering activation of complement. We 
have preliminary evidence for the presence of C3 
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breakdown products in AH and FHF sera which 
supports this interpretation of the results. The 
greatly reduced level of complement in FHF may be 
owing to exuberant antibody response which has 
been shown in that disease.!* Another possibility is 
defective production of complement by metabolically 
crippled hepatocytes. The close correlation between 
prothrombin index and C3 implies that impaired 
synthesis of coagulation proteins parallels decreased 
manufacture of some complement components by 
the liver. 


It is believed that the critical element in the patho- 
genesis of liver cell destruction in hepatitis B virus 
disease is cell-mediated immunity. Accordingly the 
greater the cellular immune response the more 
pronounced the hepatic necrosis and the worse the 
disease. A number of tests has shown cellular 
immunity to be deficient in HB,Ag carriers.® There 
ought to be by this reasoning, an exuberant and 
aggressive cellular immune response in FHF. We 
have in fact shown the opposite. T- and B-cell 
functions. the former assessed by PHA and antigen 
transformation of lymphocytes and both by antigen- 
induced leucocyte migration inhibition,'? were 
depressed. As antibody does not always correlate 
well with severity of clinical illness, it is possible 
that mechanisms other than T-cells and antibodies 
are important in immunopathology. There is some 
evidence that in hepatitis B virus liver disease K cells 
may be crucial to the development of hepatic 
damage.!? 


In AH there was accentuated antigen transforma- 
tion ef lymphocytes which was expected, and de- 
pressed leucocyte migration inhibition which was 
surprising. This dissociation between different tests 
of T-cell function has been recorded in other viral 
infections and probably reflects varying involvement 
of separate T-cell subtypes in any particular immune 
reaction. 


The mechanisms of impaired cell-mediated 
immunity in AH and FHF are probably multiple. 
The severe metabolic derangements in FHF must be 
responsible for some of the immunological abnorma- 
lities. The possible presence of serum factors other 
than that which has been shown to depress metabo- 
lism in polymorphononuclear leucocytes in FHF 
may contribute to these immunodeficiencies. Such 
serum factors have been observed to depress T-cell 
furction in chronic hepatitis.’ 


The sensitivity of the prothrombin index as a 
criterion of severe disease in FHF has been noted in 
a previous study from this centre *® and by other 
workers. Therefore if tests for C3 are not available 
the prothrombin index is a valuable investigation 
for themanagement of such patients. 


We have shown in two polar forms of hepatitis 
mainly due to hepatitis B virus, that a diminution in 
complement components can be clinically use*ul, and 
that alterations in aspects of cell-mediated inemunity 
are probably related to the immunopathalogical 
processes contributing to these disease states. 


We thank Professor Peter Brain for the use of 
facilities and Dr G Vos for providing the HB,Ag. 
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University of Natal, and H M C by a grant from the 
Medical Research Council of South Africa. 
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Liver volume estimation using ultrasound scanning 
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SUMMARY Liver volume was determined by an ultrasonic scanning technique in 14 healthy children. 
There was a linear decrease in liver volume per unit body weight with increasing age threughout 
childhood. 





Fig. | Serial transverse scans of abdomen. 
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It may be difficult to determine whether a child’s 
liver is enlarged. Measurements of the projection of 
the liver edge below the diaphragm margin using 
percussion and palpation, and the length of the 
vertical axis of the liver using x-radiography, have 
been used as indices of liver size, and have been 
determined in large groups of children.! 2 However. 
both these methods assess liver size in one dimension 
only, and as the liver is an irregularly-shaped organ 
with pronounced inter-individual variation in shape, 


it cannot be assumed that such assessments will 
accurately represent overall liver size. For this 
reason, liver volume is more likely to represent liver 
size, and because a change in shape may not 
necessarily be equal in all directions, change in liver 
volume is more likely to reflect such change. 

Liver volume may therefore be a more useful 
clinical parameter and this can be measured by 
scintiscanning after the administration of a radio- 
isotope. Alternatively, it can be determined by 





Fig.2 Longitudinal scans in sagittal plane (upper limit of liver visualisation on horizontal scanning is shown by the 


horizontal line A). 


ultrasonie scanning, a method which is non-invasive, 
non-isotcpic, and one that has been used in adults.4~® 

The present study was carried out to determine 
the feasibility of estimating liver volume in children 
of different ages by the ultrasonic scanning method 
of Reber:s et al.’ 


Methods 


Fourieer normal healthy children, 5 boys and 9 girls 
aged between 5 months and 14 years, were studied. 
Informed parental consent was obtained and the 
study was approved by the local hospital ethical 
committze. None of the children was receiving drugs. 

Liver volume was determined by recording serial 
transverse scans of the abdomen at l-cm intervals 
from the inferior limit of the liver to the upper limit 
at waict the liver outline could be clearly visualised 
(Fig. 1) The liver above this level was defined by 
reco-dirg serial longitudinal scans in a sagittal plane 
at the same interval (Fig. 2). The line (A) showing 
the apper limit reached on horizontal scanning is 
clearly mown in Fig. 2. 

The scans were photographed, and the liver 
outline raced, photocopied (Figs 1 and 2), and cut 
from the paper. The area of each liver section was 
determined by dividing the weight of the paper 
section by the known weight per unit area of the 
paper. Total liver volume was derived by summating 
the ealculated areas and multiplying by the magnifi- 
cation factor used. 

Tae reproducibility of the method was assessed by 
determination of the coefficients of variation in 4 
childrem aged between 6 and 13 years. Three had 2 
scans 01 separate occasions within a week, while the 
fourth ad 3 separate scans within the same period. 
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Fig 3 


Liver volume per unit body weight and age. 
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Table Liver volumes and coefficients of variation in 4 
children having more than one scan 








Case Age Liver volume (ml) Coefficient of 

(years) variation (%) 
Ist 2nd 3rd Mean + SD 

| 6 392 400 410 40149 2-2 

2 13 1280 1364 1322 + 59 4.5 

3 9 996 1146 1071 + 106 9.9 

4 8 232 197 215 + 25 11-7 

Results 


Liver volume per unit body weight correlated 
significantly with age (r=0-79, P<0-02), and the 
relative volume in the first year of life was almost 
twice that at 14 years (Fig. 3). There was no significant 
correlation between liver volume per unit surface 
area or per unit length, and age. 

The mean + SD coefficient of variation in the 4 
children having two or more scans was 7-1 — 4-5% 
(Table). 


Discussion 


The accurate assessment of liver size is an important 
and often difficult part of the clinical examination of 
many patients. Estimation of liver size by percussion 
and palpation is inaccurate and underestimates lesser 
abnormalities.’ Ultrasonic scanning provides a rapid, 
accurate, and convenient method for measuring liver 
volume which does not require radioisotope admini- 
stration. The rapidity and convenience of the method 
would probably be increased with the use of a 
computer fitted with a graphic tracing device to 
measure and sum the appropriate area of the scans. 

We assessed the feasibility of using an index scan 
or scans at different levels and in different directions 
in order to reduce the total number of scans required. 
No correlation between a single scan or equation 
using a limited number of scans, and liver volume 
was found. This may reflect significant inter- 
individual differences in liver shape and position. 

Post-mortem organ weight studies have demon- 
strated that per unit body weight, children have 
heavier livers than adults.2-!° Fig. 4 shows the 
results of these investigations where liver weight is 
expressed per unit body weight and per unit body 
surface area, and demonstrates the wide variability 
between such studies. During childhood, liver weight 
declines compared with body weight and increases 
per unit surface area but the years over which these 
changes occur vary greatly between the studies. This 
study shows that'there is a linear decrease in liver 
volume per unit body weight with increased age 
throughout childhood. 
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Fig.4 Change in (a) liver weight per unit body weight (%) and (b) liver weight per unit surface area (mg/m) with age. 


This ultrasonic scanning method of estimating 
liver volume may have wide application in paediatric 
practice in differentiating normal from abnormally 
sized livers, in monitoring the change in liver volume 
in poorly controlled disease states—for example, 
diabetes mellitus—and in relating liver size to drug 
metabolising ability. 
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Gonadal function after combination chemotherapy 
for Hodgkin’s disease in childhood 
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SUMMAR” The effect of quadruple chemotherapy (mustine, vincristine, procarbazine, and 
prednisclone) on gonadal function was investigated in 15 males and 2 females treated for Hodgkin’s 
disease during childhood. The 2 females have regular menstrual cycles with evidence of ovulation 
in one. Twelve of the males have shown normal progression of pubertal development since com- 
pleting their treatment. Nine out of 10 late pubertal or adult subjects had small testes but only one 
developed gynaecomastia. All 4 prepubertal subjects had normal basal and peak gonadotrophin 
responses to luteinising hormone-releasing hormone. Nine of the 12 subjects studied during puberty 
or adulthood had either an increased basal serum follicle-stimulating hormone (FSH) level or an 
exaggerated FSH response to luteinising hormone-releasing hormone. Each of the 6 maks who 
provided semen for analysis was azoospermic after an interval of between 2:4 and 8 (mean 5-3) 
years after completion of treatment. We conclude that severe testicular damage is commen after 
treatmeat with mustine, vincristine, procarbazine, and prednisolone in childhood. The germinal 
epithelium is particularly vulnerable and the resultant azoospermia is likely to be irreversible. The 
Leycig cells are less susceptible to cytotoxic-induced damage. Pubertal development is normal 


and there is no indication for androgen replacement therapy. 


Combination chemotherapy has greatly improved 
the pregnosis for patients treated for Hodgkin’s 
disease. This has resulted in the survival of an 
increasiag number of young patients, cured of this 
cancer, but at risk from the long-term side effects 
of chemotherapy. Almost all men treated with at 
least 6 courses of MVPP (mustine, vinblastine, 
procarbazine, and prednisolone) or MOPP (mustine, 
vincristine, procarbazine, and prednisolone) for 
Hocgkm’s disease are rendered permanently azoo- 
spermic.! °° Gonadal function in women is less 
severely affected by MVPP chemotherapy. In 
patients studied by Chapman et al.” there was a 
62%, incidence of amenorrhoea after completion of 
treatment. There has only been one study of chemo- 
therapy-induced gonadal dysfunction in patients 
treated for Hodgkin’s disease in childhood; in 
that study Sherins et al. found some evidence of 
reversible damage to the tubular system and, more 
surprisengly, Leydig cell dysfunction, clinically 
manifested by gynaecomastia. If Leydig cell function 
is impaired normal pubertal maturation may be 
affected. We have therefore studied survivors of 
childheod Hodgkin’s disease who received similar 
treatment, to find out if puberty was normal and to 
define further the damage to the tubular system. 
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Patients and methods 


Fifteen males and 2 females, treated for Hodgkin’s 
disease during childhood, were studied. All except 
one patient had previously received combination 
chemotherapy with MOPP. Table | shows the drug 
doses, ages at treatment, and the length of time 
between the end of treatment and gonadal function 
tests. Fifteen of the 17 had received neck cr mantle 
irradiation with a dose between 2500 and 3000 cGy 
(in 16-20 fractions over 20-27 days.) Five males 
(Cases 5, 11, 12, 13, and 14) had received abdominal 
irradiation and, despite lead shielding, the radiation 
dose received by the testes had been between 100 
and 300 cGy (ina fractionated course over 3—4 weeks). 

All patients were in clinical remission at the time 
of the study. The pubertal status of each was 
defined by the staging technique of Tanner.’ 
Testicular size was assessed by comparisor with the 
standards of the Prader orchidometer. Each male 
patient had a cannula inserted into an antecubital 
vein and blood taken for basal levels of triiodo- 
thyronine, thyroxine, thyroid-stimulating hormone 
(TSH), testosterone, luteinising hormone *LH), and 
follicle-stimulating hormone (FSH). Serum FSH 
and LH concentrations were also measured 20 and 
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Table 1 Age at treatment, length of time between treatment and study, and drug doses received by each patient 


Age (years) at 
start of treatment 


Case Sex Drug doses (mg/m?) 


Duration 
of treatment 


Time between end of treatment 





Mustine Vincristine 
1 M 13-8 72 18 3360 
2 M 4-8 72 18 6720 
3 M 12-7 84 21 2520 
4 M 14 132 36 6720 
5 M 8-3 18* 27 2205 
6 M 12-1 84 27 3360 
7 M 11-2 66 17 3360 
8 M 5-3 42 18 3920 
9 M 10 T2 18 6720 
10 M 7-3 66 33 9240 
11 M 14 36 9 5040 
12 M 12-5 48 12 1950 
13 M 14-8 90} 22 7500 
14 M 6 78§ 26 7000 
15 M 11 —t —t 1505 
16 F 11-8 60 13 3500 
17 F 11-3 60 12 6720 


Prednisolone 


and study (years) 


Procarbazine (months) 





5800 10 4-3 

16800 13 4 

6300 12 1-2 

16800 20 (a)0-7(b) 1-4 
12450 24 (a) 2-3 (b) 4-4 
16800 32 3-1 

7700 7 2.3 

7700 6 3-5 

16800 24 (a) 3-5 (b) 4-8 
18400 9 3-8 

6300 5 8 

4900 3 ] 

8900 27 5 

14000 34 (a) 1 (b) 1+5 (c) 1+7 (d) 2-1 (e) 3 
5810 13 8 

10000 24 4-8 

12000 20 6 


*Received cyclophosphamide 4725 mg; treceived chlorambucil 520 mg and vinblastine 61 mg; received cytosine arabinoside 300 mg; §received 


adriamycin 270 mg, CCNU 500 mg, and vinblastine 50 mg. 


60 minutes after an intravenous injection of luteinis- 
ing hormone-releasing hormone (LH-RH) in a dose 
of 100 ug/m* up to a maximum of 100 ug. In 10 of 
the 15 males Leydig cell function was assessed by a 
human chorionic gonadotrophin (hCG) stimulation 
test. Plasma testosterone was measured by celite 
column chromatography and subsequent radio- 
immunoassay. Serum levels of TSH, triiodothyro- 
nine, thyroxine, FSH, and LH were measured by 
specific radioimmunoassays. * 

Case 14 was investigated on several different 
occasions as the initial results indicated progressive 
testicular dysfunction. 

Six patients provided semen for analysis on two 
different occasions. 

An LH-RH test was also performed in a control 
group of 41 normal boys and 14 young adult men 
(age range 23-36 years). Fifteen of the boys were 
prepubertal, 16 early pubertal (stages P2 or P3), and 
10 late pubertal (stages P4 or P5). Because there 
were few control subjects, stages P2 and P3, and 
stages P4 and P5 were combined. The lack of 
significant difference in the gonadotrophin responses 
to LH-RH between stages P2 and P3 and between 
stages P4 and P5, as shown in the study by 
Dickerman ef al.’ validated this procedure. 

The normal control data for the hCG tests were 
provided by 9 prepubertal boys originally investi- 
gated for possible hormonal disorders and who 
later proved to be endocrinologically normal. 


Results 


Eight males had been prepubertal when they 
received their chemotherapy and in 5 of them 


puberty has proceeded normally or even been 
completed. The other 3 remain prepubertal at ages 
of 9-8, 10, and 11-8 years. Seven boys were pubertal 
at the time of treatment, 4 of whom have completed 
pubertal maturation. Four of the 5 men (Cases 1, 
6, 11, and 15) had small testes—less than 15 ml—and 
all 5 late pubertal males (Cases 3, 4, 5, 7, and 9) had 
small testes (mean 7 ml) in comparison with the 
degree of pubertal development. Only one (Case 3) 
developed gynaecomastia and this was slight. 

The 2 females had been treated between ages 11 
and 12 years. Menarche had already occurred in 
Case 16 at age 11 years. Her periods were regular 
even while receiving chemotherapy. Case 17 was 
aged 14 years when menarche subsequently occurred. 
Her menstrual cycle is regular and ovulatory, as 
indicated by a plasma progesterone level of >25 
nmol/l (7-87 ng/ml) on the 21st day of the cycle. 

Basal serum FSH and LH concentrations and the 
peak gonadotrophin responses to LH-RH in the 15 
males are shown in Figs 1 and 2. Cases 4, 5, 9, and 
14 were studied more than once. The results for the 
5 men have been graphically compared with those of 
the late pubertal controls. The comparison is valid 
as there is no significant difference between the basal 
serum FSH levels and the peak FSH and LH 
responses to LH-RH in the late pubertal and young 
adult control groups. The basal serum LH level is 
significantly higher in the young adult group how- 
ever, and the upper limit of our normal range for 
this age group is 11-0 mU/ml rather than 8-0 mU/ml 
as in the late pubertal group. 

All 4 prepubertal subjects had normal basa! and 
peak gonadotrophin responses to LH-RH. Four 
subjects were studied in early puberty. Case 12 


Gonadal function after combination chemotherapy for Hodgkins disease in childhood 289 


showed no evidence of any abnormality of gonado- 
trophin secretion, Cases 4 (a) and 9 (a) had increased 
basal anc stimulated FSH levels but normal LH 
levels. The results of Case 14 were particularly 
interesting as they showed an evolving pattern of 
abnormally raised gonadotrophin levels despite the 
increasing length of time since chemotherapy had 
been completed. Seven of the 10 late pubertal or 
adult subjects showed a raised basal serum FSH 
level and an exaggerated peak FSH response to 
LH-RH. Case 1 had a raised basal serum FSH level 
but a peak FSH response to LH-RH that was just 
within normal limits. Six of the 8 with raised FSH 
levels showed abnormalities of either the basal or 
stimulated LH level. 

The basal testosterone levels and testosterone 
responses to hCG are shown in Table 2. The post- 
hCG testosterone levels in the prepubertal control 
group ranged from 5-4 to 20-2 nmol/l (1-56 to 
5.83 ng/ml) with a mean 10-fold rise above the basal 
level. Three of the 4 prepubertal patients showed 
subnormal testosterone responses to hCG. Case 14 
showed a subnormal testosterone response to hCG 
on the first two occasions (a, b) followed by a 
normal response on the third occasion (d), and 
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Fig. 1 Basal and peak FSH concentrations after 
LH-RH compared with normal boys of similar pubertal 
maturation. Normal range of values for each pubertal 
stage is shown (shaded area). Asterisks denote the 
azoospermic subjects. 
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Fig. 2. Basal and peak LH concentrations after 
LH-RH compared with normal boys of similar 
pubertal maturation. Normal range of values for each 
pubertal stage is shown (shaded area). 


eventually an appropriate rise in his basal testo- 
sterone level (e). The normal range for the basal 
testosterone level in young adult men is between 
10 and 35 nmol/l (2-88 and 10-1 ng/ml). All our 
late pubertal and adult males have basal testcsterone 
levels within the normal range. In addition all those 
tested show a significant testosterone response to 
hCG stimulation, although we cannot say if the 
stimulated testosterone levels are as high as in 
normal young adult men. 

Each of the 6 males (Fig. 1) who provided semen 
for analysis was azoospermic. Four of the 6 had 
only received combination chemotherapy, the 
remaining two (Cases 11 and 13) had received both 
combination chemotherapy and small doses of 
testicular irradiation. Semen analysis was carried 
out between 2-4 and 8 (mean 5-3) years after 
treatment had ended. 

Thyroid function tests were normal in 6 subjects. 
In 11 there was biochemical evidence of sompen- 
sated thyroid dysfunction, in that they hac normal 
serum triiodothyronine (1-2-3 nmol/l; 0-78-1-95 
ng/ml) and thyroxine (50-150 nmol/l; 5-9-11-7 
ug/100 ml) levels with a slightly increased serum 
TSH level (range 7-22 mU/l; normal <6 mU/I). 
All 11 had received neck irradiation. 
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Table 2 Pubertal status, basal testosterone level, 
and testosterone response to hCG stimulation 








Case Stage of puberty Basal Testosterone level 
testosterone (nmol/l) after hCG 
(nmol/l) 

2 Prepubertal <1-0 3-8 

8 Prepubertal <0-3 2.7 
10 Prepubertal <0-8 10-0 
l4a Prepubertal 1-3 2-4 
14b Early pubertal <0-6 3-0 
14d Early pubertal 1-3 10-0 
l4e Early pubertal 5-0 — 

5 Early pubertal 4-0 — 
12 Early pubertal <1-5 6-5 
4(a) Early pubertal <0-6 11-2 
4(b) Late pubertal 10 41 

9 Late pubertal 13 35 

7 Late pubertal 10-5 26-5 

3 Late pubertal 13-5 19 

1 Adult 32 58 

6 Adult 17 = 
11 Adult 21-7 — 
13 Adult 13 — 
15 Adult 18-5 — 


a Ee 


Conversion: SI to traditional units—testosterone: 1 nmol/l œ% 0-288 
ng/ml. 


Discussion 


Gonadal function in adult men is more vulnerable 
to damage by combination chemotherapy than it is 
in women.'*”° The age of the woman is an im- 
portant factor in determining if ovarian failure is 
likely to follow such treatment. The fact that the 
number of oocytes decreases steadily with increasing 
age suggests that ovarian function in the pre- 
pubertal and pubertal girl may be less susceptible to 
cytotoxic-induced damage. However it is clear that 
the prepubertal ovary is not immune from such 
damage.” Ovarian function appeared intact in our 
two females despite previous treatment with MOPP, 
but had more females been studied we might have 
noted a greater incidence of cytotoxic-induced 
ovarian failure. 

There have been reports of recovery of spermato- 
genesis in men previously treated with single 
cytotoxic agents!’ or a combination of 2 or 3 drugs! 
but the outlook for men previously treated with 
MVPP or MOPP appears poor. In our study% 42 
out of 49 men were azoospermic after 6 courses of 
MVPP, and 5 of the remaining 7 had a sperm count 
below 1 million/ml. Furthermore 10 of 11 patients 
studied between 6 and 8 years after the end of 
chemotherapy were azoospermic. Sherins et a/.? also 
found severe tubular damage in pubertal boys 
treated for Hodgkin’s disease with MOPP. Eight out 
of 9 had a raised basal serum FSH level, and in all 6 
biopsied, testicular histology showed germinal 
aplasia. Sherins et al.? estimated the serum FSH 
level in serial samples from 4 of their 9 pubertal 
boys. In 2 of them the serum FSH level progressively 
decreased to normal, but in the other two gonado- 


trophin concentrations remained high. This sug- 
gested that permanent sterility might not be an 
inevitable consequence of MOPP therapy in the 
pubertal male. Our results also indicate severe 
tubular damage after MOPP therapy. Eight of 10 
late pubertal or adult subjects show a raised basal 
serum FSH level, 9 have small testes, and 6 are 
azoospermic. Only one (Case 5), out of the 4 
subjects studied on more than one occasion, had a 
raised FSH level initially and a normal FSH level 
on subsequent testing. Despite the normal FSH 
level he was noted to have small testes. The 6 
azoospermic subjects were studied between 2-4 and 
8 (mean 5-3) years after chemotherapy had ended 
which suggests that recovery of spermatogenesis is 
unlikely. It should be pointed out that there were 
certain differences in the treatment received by our 
children compared with those of Sherins et a/.3 
Three of our 10 late pubertal or adult males had 
received an appreciable radiation dose to the testes 
as well as combination chemotharapy. Moreover it 
would appear that our male patients received more 
procarbazine and vincristine than those studied by 
Sherins et al.? 

It has become increasingly difficult to estimate the 
contribution of any one single drug to the testicular 
damage caused by combination chemotherapy such 
as MOPP or MVPP. Testicular damage in the human 
has been attributed to mustine!? (or chlorambucil),!% 
vinblastine,!* and prednisolone.!® Vincristine!® de- 
creases amino-acid incorporation into spermato- 
genic cells of the rat and procarbazine has been 
shown to induce complete germinal aplasia in the 
ratt” and the primate.!8 It is likely that in our 
patients treated with MOPP the drugs mainly 
responsible for the severe tubular damage were 
mustine and procarbazine. 

The 4 prepubertal boys in our study showed 
normal basal gonadotrophin levels and gonado- 
trophin responses to LH-RH. We have concluded 
in earlier studies on prepubertal boys with radiation- 
induced’? or cytotoxic-induced® testicular damage 
that tests of testicular function are unlikely to detect 
such damage. The FSH levels of Case 14 were normal 
in prepubertal life and abnormal in early puberty. 
During 2 years he showed an evolving pattern of 
abnormally high gonadotrophin levels despite the 
increasing length of time since the end of chemo- 
therapy. Several other subjects who were treated 
before the onset of puberty showed evidence of 
severe tubular damage during puberty or adulthood. 
For these reasons we believe it likely that most, if 
not all, our prepubertal boys have sustained testi- 
cular damage from the MOPP therapy. 

Some degree of breast development may be seen 
in at least half of normal boys at some time during 
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puberty. Im our study gynaecomastia affected only 
one, compared with 9 out of 13 pubertal boys with 
gynaecomastia reported by Sherins ef al.? Such a 
high incidence of moderate or severe gynaecomastia 
was a major clinical feature of that study. It is 
difficul: to understand this disparity. It is possible 
that some of our older boys had already experienced 
a minor degree of breast development and that this 
had regressed before chemotherapy started. How- 
ever none had had moderate or severe gynaecomastia. 
Eight of eur 12 pubertal boys had received mantle 
field irradiation but the radiation dose reaching the 
breast bud is minimal with this radiation field as the 
breasts are covered by lead blocks designed to 
protect as much lung tissue as possible from 
radiat on damage. Indeed the one individual (Case 
3) who developed gynaecomastia had received 
mantle field irradiation. Gynaecomastia in | out of 
12 pubertal boys is similar to the incidence we 
observed in adult men (7 out of 74) treated with 
MVP? for Hodgkin’s disease.”° 

Three of the 4 prepubertal subjects showed sub- 
normal testosterone responses to hCG stimulation 
although in one (Case 14) the impaired testosterone 
response was transient. In addition a raised basal LH 
level orexaggerated peak LH response to LH-RH was 
founc in 8 pubertal or adult subjects. The abnormali- 
ties in LH and testosterone concentrations suggest 
that Leydig cell damage has occurred. However, our 
9 late pubertal or adult males (Table 2) have basal 
testosterone levels within the normal range and all 
show a significant testosterone response to hCG 
stimulatson. Pubertal development has progressed 
normally in these nine. Two men are now married 
and have normal libido and sexual activity. Thus 
although evidence of a minor degree of Leydig cell 
dysfunction is common, frank Leydig cell failure is 
rare. 

We conclude that severe testicular damage is 
common after MOPP therapy in childhood. The 
germinal epithelium is particularly vulnerable and 
the resultant azoospermia is likely to be irreversible. 
The Levdig cells are less susceptible to cytotoxic- 
induced damage. Pubertal development proceeds 
quite normally and there is no indication for 
androgen replacement therapy. 

E 
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Interpretation of arm circumference as an indicator 


of nutritional status 
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SUMMARY 


Data from a longitudinal study of 1342 Zambian children aged between 0 and 60 months 


are used to derive reference standards for mid-upper arm circumference. To determine the sensitivity, 
specificity, and predictive value of the arm circumference measurement as an indicator of nutritional 
status, associations between arm circumference and other anthropometric and clinical indicators of 
nutritional status are presented. Although none of the anthropometric indices accurately reflects 
the clinical judgement of nutritional status, arm circumference is shown to be similar in accuracy to 
weight for age and to weight for length as an indicator of clinical malnutrition: it provides a viable 
alternative to these more cumbersome measurements for use in field surveys. 


Stimulated by a 1969 conference, there has been an 
active debate over the use of mid-upper arm circum- 
ference (MUAC) as an indicator of the nutritional 
status of children.'* The potential advantages of 
MUAC are clear: it is thought to measure wasting 
in which intervention could be useful, rather than 
stunting, in which it would not.*?* As reference 
standards suggest that there is only a small increase 
in MUAC between ages 1 and 4 years (or even 
between 1 and 6), there may be no need to know the 
child’s precise age.’ This opens the way for a very 
simple field test, and imaginative modifications to the 
already cheap and portable equipment have ex- 
ploited this advantage. Notable among the modi- 
fications are the ‘Shakir strip’,® which is a piece of 
1 cm wide x-ray film with coloured bands to indicate 
nutritional status, and a bangle’ which fits only a 
malnourished arm. Arm circumference measure- 
ments have been used to survey large numbers of 
children in a short time, under adverse circum- 
stances.’ 

Several criticisms of the method have been made, 
questioning its validity as an indicator of nutritional 
status.’ 1° The most widely used reference standards 
were based on measurements of Polish children,” 
and may be unsuitable for other populations.'! The 
age-independence of MUAC has also been dis- 
puted.!* Furthermore, although correlations between 
+-0-70 and 0-90 have been reported between MUAC 
and weight for age,’ 8 13 the two indices may disagree 
over which children are at risk.? The agreement 
between MUAC and weight for age appears to vary 
from continent to continent!?; and it is unclear 


which may prove the most adequate predictor of 
clinically diagnosed malnutrition. Very few prospec- 
tive studies of the predictive power of either index 
have been carried out.!4 !° 

That there are methodological problems in 
evaluating MUAC is clear; there is disagreement 
over whether it reflects weight for age or whether it 
can indicate clinical malnutrition directly; the 
method may be more useful in specific age-groups 
than in all children between | and 6 years.?° 1° 

Ultimately, three things are needed: firstly, 
standards of MUAC appropriate for children in 
developing countries; secondly, prospective studies 
of the value of MUAC for predicting frank malnu- 
trition, increased susceptibility to infection, or 
death. Thirdly, while awaiting such studies, we may 
examine the sensitivity and specificity of arm circum- 
ference as a nutritional indicator, and in particular 
whether validity is sacrificed by using a single cut-off 
point across the age range. This paper is a contri- 
bution towards the first and third of these needs. An 
attempt is made to derive reference standards of 
MUAC from a study of children aged between | and 
60 months in Lusaka, Zambia. The association 
between MUAC and weight and length data is 
examined, and their validity as indicators of clinical 
malnutrition are compared. The adequacy of a 
single arm circumference figure as a cut-off point 
between well-nourished and ‘at risk’ children 
between 12 and 60 months is discussed. 


Method 
Altogether 1342 children aged between 1 and 60 
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months ook part in a follow-up study from 1970 to 
1972 in two contrasting suburbs of Lusaka, one an 
authorised municipal suburb, and the other an 
unauthorised squatter settlement. The children came 
from 5&9 families, and extensive information on 
each family was collected. The principal aims of the 
study were to examine the social and environmental 
bases fo- the children’s growth patterns and illnesses, 
and to see how appropriately the health services 
catered for their needs. A supplementary objective 
was to evaluate the use of the left MUAC measure- 
men: as a public health index of nutritional status 
in a community where kwashiorkor was present, and 
where it was possible to establish age accurately. 

In the two suburbs sample areas were defined 
geographically, and a census of children under 5 
years was made in each. Only families with at least 
one child under 5 were included in the study. The 
families were visited at home at 6-monthly intervals 
by a paediatrician (FSK) and a research assistant. 
At each visit the children were weighed and measured, 
and nutritional and medical histories were taken. 
Other information was collected on separate occa- 
sions between the clinical visits, so that each family 
was visited about every 2 months by someone. The 
intention was to weigh and measure each child four 
times cver 2 years, but in many cases this was not 
ach eved owing to death of the child, departure of 
the family, or because another child had been born 
into the family. Although strenuous attempts were 
made to locate absent children, there were fewer 
than four sets of anthropometric and health data for 
many of them. There were 3294 sets of anthropo- 
metric observations in all; an average of 2-5 for 
each child. For the analysis presented here, measure- 
ments on each child made on different occasions 
were teated as independent observations. 

Age was determined by asking the mother both 
the ch_Id’s age and his date of birth. A male research 
assistant made contact with each father, and asked 
to see any written record of the birth; a record was 
found to exist for most of the children. If there was 
no record, stated age was checked against as much 
other information as possible (interval between 
pregnancies, season of birth, etc.). 

Measurements of arm circumference in centi- 
metres were made on the mid-upper left arm, using 
a non-stretch tape measure.* Supine length was 
measured for children of all ages, using a locally 
made wooden board with a fixed foot piece and 
movable head piece. It was not possible to carry a 
stadiometer. Weight (in kg) was measured using a 
Selter hanging spring balance, the accuracy of which 
was checked every week. The raw anthropometric 
data comprised weight, length, and arm circum- 
ference measurements. In addition, index values were 
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calculated by expressing the raw figures as a per- 
centage of the reference standards by sex and age to 
the nearest month. The resulting indices are referred 
to as ‘weight for age’, ‘length for age’, ‘arm circum- 
ference for age’, and ‘weight for height’. Arm 
circumference standards were taken from Burgess 
and Burgess,” and data for each month of age 
interpolated from their figures. Harvard ane Boston 
standards were used for the other indices. 

Children were classified as clinically malneurished 
or not malnourished at each visit. The diagnosis of 
clinical malnutrition was made on the greunds of 
the appearance of the child naked, before measuring. 
Thinness, body proportions, poor hair, skm pallor, 
oedema, and inactivity were the main factors con- 
tributing to this impression. 


Results 


Altogether 1716 arm circumference measurements 
were obtained for boys, and 1578 for girls aged | to 
60 months. This gave an average of 28 -6 observations 
each month per age group for the boys and 26:2 for 
the girls. 


Arm circumference reference standards. To show 
how the Zambian data compared with the Polish 
standards,? median arm circumferences were calcu- 
lated using all observations, by monthly age group 
and sex. The resulting curves differ partly because of 
a flattening of the Zambian curve between ages 10 
and 20 months, and partly because the curve is lower 
at all ages from 2 months onwards (Fg. 1). In 
drawing the Figure, the curve was smoothed by age. 

Seventy-five of the 1342 children were diagnosed 
clinically as having malnutrition during tle survey, 
while for a further 23 children, the mother described 





\rm_ circumference( cm) 











0 6 12 18 2 
Age (months) 


Fig. 1 Arm circumference of Zambian girls and boys, 
by age, compared with Polish standards. 50th centile 
(median) values shown in cm. 
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malnutrition before the survey, or during a pro- 
longed absence between measurements. To calculate 
reference standards based on these data, all children 
suspected or known to have been malnourished were 
excluded from the sample. Measurements of children 
who were suffering from diarrhoea, measles, or 
‘fever’ at the time of measurement were also ex- 
cluded, so as to provide standards based on an 
arguably healthy subset of the sample. 

To calculate centile values based on these data, 
boys and girls were grouped into broader age 
categories. Raw centile reference values are shown 
in Table 1; curves slightly smoothed are shown for 
each gender in Figs 2 and 3. 

On the assumption that certain of the irregularities 
in the raw data were caused by the low numbers of 
children, and by the arbitrary age groupings used, 
reference values for clinical application should be 
derived from Figs 2 and 3. 

To assess whether the flattening of the curve 
between 10 and 20 months was due to inclusion of 
subclinically malnourished children, separate curves 





Fig. 2 Arm circumference of healthy Zambian girls 
by age, showing centiles. 





0 E 2 WW 4 NH BH AL 48 54 60 
Age (months) 


Fig. 3. Arm circumference of healthy Zambian boys, 
by age, showing centiles. 


were drawn for children whose weight for age was 
above 80% of the Boston standard. Flattening of 
the MUAC curve could still be seen for these cases. 


Interpretation of arm circumference as a nutritional 
indicator. Arm circumference is proposed as an 
indicator of nutritional status for children over age 
12 months; until 48 or 60 months age independence 
of the indicator is claimed.* 3 5 There were 2543 sets 
of observations on children aged between 12 and 60 
months; Table 2 shows the associaticns among arm 
circumference, weight, and length for these children. 

The raw weight and length intercorrelate highly; 
arm circumference is associated with these, but less 
strongly. Weight and length also correlate strongly 
with age; as expected arm circumference shows a 
lower association. The index values (weight for age, 
length for age, and arm circumference for age) 
correlate less strongly with age, although they are 
not independent of it. This is owing to a dip in the 
mean values for these indices in children between 12 
and 24 months; equivalent figures computed across 
all ages 1-60 show a negligible association with age. 


Table 1 Selected centile values for arm circumference. Healthy Zambian children aged 0 ta 60 months 





Girls  Centiles (cm) Ages of Boys Centiles (cm) 
n boys and n 
3rd lOth 25th 50th 75th Oth 97th giris Gnonthks) 3rd 10th 25th SOth 75th th 97th 
79 9-6 10.3 10-95 11-7 12-35 12:95 13-45 0-2- 88 9-2 10-1 1i- 12-1 12-9 13-9 14-2 
89 10-5 11-85 12-3 12-7 13-6 14-2 15-2 3 5e 74 10-6 11-9 12:6 13:5 14-1 14.7 15-1 
68 14-9 12-45 129 13-65 14-3 15-5 15-9 6~ 8- 73 11-95 12-4 13-1 13-9 14-4 [5-15 18-5 
55 11-9 12-4 12-85 13-4 14-35 15-0 15-6 911-9 3i ii1-5 12-85 13-4 14-0 14-6 {5-25 16-1 
120 11:7 12-7 143-1 14-0 14-6 15-4 16-7 12~-17-9 117 12-3 12-85 13-4 14-0 14-65 15.3 16-0 
107 12-6 {2-75 13-45 14-1 14-8 15-7 16-2 18-23-9 118 12-55 13-0 13-7 14-2 14-95 18-5 16-2 
115 12-5 13-4 13-95 14-7 153 15-9 16-7 24-29-9 134 13-2 13-5 14-0 14:7 15.2 15-9 16-4 
106 13-25 13-6 14-4 15-0 15-7 16-2 17-0 30-35-9 116 13-6 14-05 14-5 18-1 15-7 16-25 16-8 
125 13-4 13-9 14-4 15:2 15:7 16-3 16-7 36-41-9 139 13-0 13-6 14-45 15:3 15-95 16:5 17-2 
116 13-45 13-95 14-6 15-25 15-9 16-45 17-0 42-47-9 120 13-3 13-9 14-85 15-2 15-95 16°45 17-0 
117 13-75 14:0 14-55 15-2 15-95 16:7 17-1 48~-53-9 112 13:1 13°57 14-55 15-1 15-95 16-5 17-0 
98 13-6 141 14-45 15-1 16-0 16-6 17-1 54-59-9 109 13-2 13-9 14-35 15-3 16-05 16-45 164-8 
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Table 2? Pearson correlations between selected anthropometric measurements, and age. Zambian children, both 
genders combined, aged 12 to 60 months; 2543 observations 
Weight Length Arm Weight Length Arm Weight 
circumference forage for age circumference for length 
(MUAC) for age 
Length 0-93 a 
Arm circumference (MUAC) 0-73 0-53 
Weight for age* 0-68 0-45 0-76 
Length for age* 0-45 0-47 0-32 0-70 
Arm circunsference for aget 0-60 0-37 0-98 0-78 0-33 
Weight for length} 0-55 0-22 0-78 0-76 0-10 0-79 
Age 0-85 0-92 0-44 0-20 0-12 0-26 0 20 





Nn 


* Using Harvard and Boston reference standards. f Standards derived from Burgess and Burgess,? 


Arm circumference correlates more highly with 
weight (0-73) than it does with length (0-53); it also 
correlates more strongly (0-78) with weight for 
length than does weight (0-55). These findings sug- 
gest that MUAC reflects wasting rather than stunt- 
ing; and it is more independent of age than are 
weight or length. 

The sensitivity, specificity, and predictive value'® 
of arm circumference as an indicator of clinically 
diagnosed malnutrition were compared with results 
for the other anthropometric indices. Because the 
prevalence of malnutrition is low in children over 
36 months, the calculations were made for two age 
groups: 12-60 and 12-36 months. The results were 
little different for the two age groups; the 
results for the full 12-60 age range are pre- 
sented. Of the 2543 observations, 100 were 
on clinically malnourished children. As the prime 
requirement of a screening test is that it 
should correctly identify the majority of mal- 
nourished cases, even at the expense of identifying 
a number of ‘false positives’, the cut-off point for 
each of the indices was fixed to provide a sensitivity 


Table 3 Specificity and positive predictive value 

results far arm circumference (single cut-off point and 
for age), weight for age, and weight for height as 
indicators of clinically diagnosed malnutrition, at a 
sensitivity level of 95%. Zambian children, 1 2-60 months; 
2543 observations 





Cut-off Specificity False- Positive 
point* positive predictive 
rate (%) value (%) 
Arm circumference 15cm 0-44 56 6-5 
(single eut-off point) 
Arm circumference for 90% 0-42 58 6-5 
age (Polish standard) standard 
Arm circumference for 100% 0-43 57 6-5 
age (Zambian standard 
standard) 
Weight for age 89% 0-36 64 5-7 
standard 
Weight for length 100% 0-30 70 5-0 
standard 


ŘS 
* Each cut-off point was chosen so that 95 °% of all malnourished 
children would be identified as such by the index. 


Standards derived from Jelliffe.3 


of 95% (that is, only 5% of malnourished cases 
would be missed). Table 3 shows the corresponding 
specificity figures, and the cut-off point at which 
95% of all the malnourished children would be 
selected. The false-positive rate suggests the propor- 
tion of children not clinically malnourished who 
would be picked out. The positive predictive value 
shows the likelihood that a low-scoring child would 
be clinically malnourished. For all methods the 
specificity and predictive value appear low; it may 
be that many children were undernourished without 
exhibiting clinical malnutrition. Three ways of cal- 
culating arm circumference indices are presented: 
using a single cut-off point, using Polish, or the 
Zambian standards presented above. Each method 
gave comparable results, and provided slightly better 
indicators of clinical nutritional status than did 
weight for age or weight for length. 


Discussion 


If the Zambian arm circumference data and the 
Polish standards are compared, the general lowering 
of the Zambian curve, and the flattening of it in the 
second year are striking. The flattening of the arm 
circumference curve persisted even when only those 
children whose weight for age was above 80% of the 
standard were considered. Similar results have been 
obtained elsewhere,! 1? 17 and were noted in Uganda 
for weight and height.!® Flattening of the growth 
curves may occur because many children are 
undernourished during the second year; this may 
be an almost physiological effect of weaning with 
certain diets. It is not known whether the temporary 
flattening is harmful to previously well-nourished 
children. 

If the Polish arm circumference standard is used, 
individual data should be expressed as percentages 
of the median, because in a developing country many 
children fall below the lowest centiles. An advantage 
of the Zambian data (Figs 2 and 3) is that individual 
children can be referred to the centiles. The spread 
of the centiles is such that roughly a 0-5 cm 
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difference in arm circumference separates the 3rd, 
10th, 25th, and 50th centiles; an accuracy of measure- 
ment within 0-5 cm is attainable under field 
conditions. 

This report differs from several others in describ- 
ing the validity of MUAC by relating it to a clinical 
diagnosis of malnutrition, as well as by comparing 
it with weight for age. Neither clinical judgement nor 
anthropometric measurements alone is likely to 
provide an adequate indication of the elusive quality 
‘nutritional status’. Shakir eż a/.!° noted that from 
clinical judgements, 30% of the children whose 
weight fell below 80 % of standard were not identified 
as undernourished; the discrepancy occurred mainly 
among children between 70 and 80°% of standard. 
Conversely, the present study included several 
children with clinical malnutrition who were above 
85% weight for age. The explanation of such cases 
falls beyond the scope of this report; it is sufficient 
to note that we lack a reliable standard against 
which finally to evaluate any anthropometric indi- 
cators of nutritional status. 

The validity results shown in Table 3 suggest that 
all the anthropometric indices performed poorly as 
indicators of clinically diagnosed malnutrition. While 
the specificity results can be greatly improved by 
altering the cut-off point chosen (and thereby 
sacrificing sensitivity), the positive predictive value 
remains low, because of the low prevalence of 
malnutrition in this sample (3-9 °%). With this preval- 
ence, each of the anthropometric indices would 
identify about 14 false-positives for each mal- 
nourished child correctly classified. Although the 
raw MUAC figures obtained in this study were 
not independent of age between 20 and 30 months. a 
single cut-off value of MUAC proved equally valid as 
an indicator of poor nutritional status as did the use 
of reference standards. The cut-off point of 
15 cm identified here is higher than that derived in 
other studies: Farquharson suggested 14-0 cm," 
while Shakir and Morley found that most children 
above 13-5 cm were normal.®® Anderson!® noted 
however, that a cut-off of 13-5 cm was too low. The 
appropriate cut-off point to use may differ according 
to country. 

Although the use of the Morley-Shakir measuring 
strip will identify a large number of ‘normal’ 
children among the malnourished, its simplicity of 
use commends it above the more complex indices 
based on weight and length which are not shown by 
the present data to provide superior information. 


Support for this project was provided by the Nuffield 
Foundation, London, the University of Zambia, 
and the Permanent Secretary for Health, Zambia. 
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Simple estimate of creatinine clearance from plasma 
creatinine in neonates 


G ZACCHELLO, M BONDIO, O S SAIA, G LARGAIOLLI, R VEDALDI, AND 
F F RUBALTELLI 


Department of Paediatrics, University of Padua, and Institute of Statistics, Padua, Italy 


SUMMARY Thirteen newborn infants, 8 preterm and 5 term, with either mild or serious n2onatal 
asphyxia were studied. From the first 24 hours of life to day 13, glomerular filtration rate (GFR) 
estimated by creatinine clearance was compared with the values obtained using Schwartz’s fermula: 
GFR (ml/min per 1-73 m?) = 0-55 x length (cm)/plasma creatinine (mg/100 ml). Both in term 
and preterm infants, values of formula-calculated creatinine clearance were slightly higher than 
values obtained by the classical method; nevertheless the data show significant correlations, 
respectively r = 0-867 and r = 0-795 (P <0-001). This formula provides an adequate estimation of 
neonatal creatinine clearance (a marker for GFR) directly from plasma creatinine provided that body 
length is taken into consideration. The necessity for urine collection and the associated probems are 
thus obviated. The simplicity of Schwartz’s formula permits easy monitoring of renal fanction, 


especia ly in neonatal asphyxia in which the risk of developing renal failure is great. 


it has been shown that endogenous creatinine 
clearance provides an adequate estimation of inulin 
clearance, as a marker for glomerular filtration rate 
(GFR) n low birthweight infants between the Ist and 
10th days of age.! Tubular secretion of creatinine and 
plasma chromogens, including bilirubin, interfere 
with the accuracy but not with the reliability of 
endogenous creatinine clearance; nevertheless in 
clinical practice creatinine clearance remains the 
most commonly used laboratory assessment of 
glomerular function in neonates, despite methodo- 
logical and technical problems of urine collection.” ~’ 

In 1979 Fawer et al. compared single injection 
clearance of inulin with the standard clearance in 
neonates aged between | and 20 days. They con- 
cludedathat one should be cautious when interpreting 
results obtained by the single injection technique 
during the immediate postnatal period, even though 
this method has the advantage that it does not 
require urine collection. 

Schwartz et al.” in 1976, reported that an accurate 
estimate of GFR could be obtained from the simple 
determinations of plasma creatinine (Pe) and body 
length @). An empirical formula derived by Schwartz 
in a study on infants aged at least 6 months can then 
be applied: 

GFR (ml/min per 
(mg/ 00 ml). 

Analogous conclusion was reported in 1976 by 


1-73m?)=0-55-+1 (cm)/Pc 


Counahan et al.8 who used a different cons:ant. The 
discrepancy between the constant of Counahan and 
that of Schwartz, respectively 0-43 and 0-55, is not 
substantial in our opinion and may be explained as 
follows. For Schwartz (0-55) the Pe is represented by 
a total value while for Counahan (0-43) the Pe is a 
real value which does not include the non-creatinine 
chromogens.7-® In 1977 Szelid and Mékes™ con- 
firmed Counahan’s data but did not recommend the 
use of the formula for infants aged less than 1 year; 
for them 24-hour creatinine clearance was preferred, 
despite the difficulties in collecting urine. 

The purpose of our investigation is to compare 
neonatal GFR estimated by creatinine clearance with 
that calculated by Schwartz’s formula. 


Materials and methods 


The subjects of this study were 13 newbern infants 
admitted to our neonatal intensive care unit for 
neonatal asphyxia. Eight were preterm (Table 1), 
of whom one died on day 9 because cf bilateral 
pneumothorax; 5 were born at term (Tabse 2). 
Depending on the degree of fetal distress deter- 
mined by the presence, after resuscitation, of 
respiratory distress, transient cardiomegaly, or 
cerebral irritation, each infant was designated as 
having either mild asphyxia at birth or serious 
postasphyxia syndrome. Infants with serious 
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Table 1 Clinical data for 8 (4 boys and 4 girls) 
preterm infants (gestational age <37 weeks) 








Gestational Birthweight Birth length 
age (weeks) (g) (cm) 
Mean (SD) 33-5 (3-1) 1604 (487) 40-7 (3-7) 
Range 28-37 1030-2500 37—48 
a Samcom ace 
Table 2 Clinical data for 5 (4 boys and 1 girl) term 
infants (gestational age > 37 weeks) 
Gestational Birthweight Birth length 
age (weeks) (g) (cm) 
Mean (SD) 39-4 (1-2) 3518 (S00) 51-6 (2-4) 
Range 37-5-40-5 2650-3900 49-55 


eT 


postasphyxia were evaluated on the Ist, 2nd, 3rd, 
Sth, 10th, and 13th days of life and those with mild 
asphyxia were evaluated on the Ist, 2nd, 5th, and 
10th days of life. Altogether 66 estimations were 
carried out. Accurate 24-hour urine samples were 
collected on these days and the plasma creatinine 
(Pe) and the creatininuria (C,,) were determined by 
means of the Technicon automatic method, which 
measures the creatinine total value.” 

Body surface was calculated from body weight 
using Vaughan’s formula: body surface (m?) = 
(0-05 x kg) + 0-05. This formula is applicable for 
a range of body weight from 1 to 5 kg.!” 

Endogenous creatinine clearance was calculated by 
the formula UV/P and the result was related to 
1-73 m? of body surface. The values were then 
compared with those estimated by Schwartz’s 
formula: GFR (ml/min per 1-73 m?) = 0-55 x | 
(cm)/P. (mg/100 ml). On the above days, the 
crown-to-heel length was measured with a neonato- 
meter using the method of Davies and Holding.!? 14 


Results 


As shown (Table 3) for both preterm and term 


Table 3 Means and standard deviations of 24-hour 
creatinine clearance (ml/min per 1-73m*) and 

Schwartz’s formula estimated values 

0-55 x length (cm)/plasma creatinine (mg/100 ml) 

i cig 











Preterm Term Preterm and 
term infants 
Mean (SD) Mean (SD) Mean (SD) 
24-hour creatinine 
clearance 
(ml/min per 
1-73 m2) 20-5 (14-1) 29-4 (14-4) 23-5 (14-7) 
0-55 x length 
(cm) plasma 
creatinine 
(mg/100 ml) 22:5 (10-8) 38-9 (14-8) 28 (14-4) 
No of estimations* 44 22 66 


liege aig iim 
*Between first 24 hours and 30th day of life. 


Table 4 Relationship between GFR = 24-hour 
creatinine clearance (ml/min per 1-73m?) and GFR as 
predicted by Schwartz's formula 0-55 x l (cm)/Pe 
(mg /100 ml) in preterm and term infants. Values are 
treated logarithmically 





Preterm infants Term infants 





No of 
estimations* 44 22 
Means X (SE) 1-221 (0-043) 1-420 (0-046) 
Means Y (SE) 1-309 (0-029) 1-559 (0-036) 
Y= ax +b X 0-54X + 0-65 Y = 0-677X + 0-597 
r 0-795 0-867 
P — 0-001 0-001 
s2 0-0143 0-0074 


* Between first 24 hours and 30th day of life. 


X = log 24-hour creatinine clearance values (ml/min per | -73m2). 
Y = log formula estimated values 0-55 x | (cm)/P, (mg/ 00 ml). 
SE = standard errors (means X or means Y). 

Y = aX + b regression line. 

a - regression coefficient; b intercept. 

r correlation coefficient. 

s2 residual variances. 


Table 5 Means, standard errors, and probability values 
for differences from zero of dA and dB. Variance of 
dA and dB 














Infants n dA or 4B SEQ) P V 

Preterm 44 —0-089 0-027 <0-001 0-0314 
Term 22 -0-146 0-021 <0-001 0-0098 

dA = log 24-hour creatinine clearance values — log (0-55 x UP) 
formula estimated values in preterm infants. 

dB = log 24-hour creatinine clearance values — log (0-55 x lP) 


formula estimated values in term infants. 
dA, qB = means of dA and dB. 

SE (q) = standard errors (qA or ļB). 

V variance (dA or dB). 


infants, the average value for 24-hour creatinine 
clearance determinations is lower than the value 
found by Schwartz’s formula. Values of formula- 
calculated creatinine clearance are higher than values 
obtained by the classical method, particularly for 
term infants; nevertheless the values show significant 
correlations. Our statistical analysis of the data, 
logarithmically treated to normalise the distributions, 
is shown in Tables 4 and 5.'° The correlation between 
the two methods is significant for preterm infants: 

0-795 (P<0-001) and improves still more for 
term ones: r = 0-867 (P<0-001) (Figure). Mean 
and variances of individual logarithmic differences 
between 24-hour creatinine clearance and formula 
calculated creatinine clearance show constant and 
significant overestimation for the formula values in 
21 out of 22 term infants and in 32 out of 44 preterm 
ones. The means of dA = log 24-hour creatinine 
clearance — log (0-55 x 1/P.) for preterm infants, 
and of dB = log 24-hour creatinine clearance 
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creatinine clearance (ml/min per 1-73 m*) and GFR as 
predicted by Schwartz's formula 0-55 x I(em)/Pe 
(mg/100 ml). The data were treated logarithmically. 

The lines show the calculated regression line and the 95% 
confidence limits for predicted values. Upper portion 
shows preterm infants, lower portion term infants. 


— log (0-55 x 1/P.) for term infants, differ signifi- 
cantly from zero confirming this overestimation. 
The variance of dA, significantly larger than that of 
dB (P<0-01), shows greater variability in preterm 
infants (Table 5). 


Discussion 


The results of this study demonstrate the suitability 
of Schwartz’s formula for determining creatinine 
clearance (a marker for GFR) for both groups of 
newborn infants. This is noteworthy since the 
estimation of creatinine clearance by the classical 
method requires the collection of urine, at best a 
difficult task with neonates. In the past, Schwartz's 
formula has not been applied to so young an infant. 
Szelid and Méhes”? found that for infants aged less 


than | year, a low correlation coefficient existed 
between the classic 24-hour creatinine clearance and 
the formula values. Their data however, are hard to 
justify as the age range they studied was teo wide 
(1 month to | year) and the number of determmations 
too few (21). 

Our results show that within 1-30 days of life 
creatinine clearance can be directly determired from 
plasma creatinine provided body length 5 taken 
into consideration: GFR (ml/min per 1-723 m°) = 
0-55 x 1 (cm)/P. (mg/100 ml). 

In preterm infants, the slightly greater sange of 
values can be reasonably explained by greater 
individual differences and by more frequent esti- 
mation errors. In our opinion the overes imation 
found in this study does not allow both methods to be 
used alternately in the same patient. In couclusion, 
renal function can be easily followed using Schwartz’s 
formula especially in neonatal asphyxia where the 
risk of developing renal failure is great. Therefore, 
total plasma creatinine and body length permit a 
rapid, simple, but slightly higher estimation of 
creatinine clearance in preterm and term newborn 
infants, thus obviating the necessity for urine 
collection. 
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Current topics 


Potential for plasma exchange in children 


E ANGELA E ROBINSON 


National Blood Transfusion Service, Regional Transfusion Centre, Leeds 


Termmolegy 


Plasmapheresis and plasma exchange are terms that 
are o*tem used synonomously in today’s literature. 
However plasma exchange has become possible only 
since the introduction of efficient cell separation 
techniques. A cell separator machine can remove 
large volumes of plasma, necessitating replacement 
with whole or fractionated plasma or a plasma 
subst tute. to maintain intravascular colloid osmotic 
pressure. Plasmapheresis is the removal of plasma 
only, with the return of the cellular blood com- 
ponents, as first described in 1914." The original 
term being derived from the Greek apheresis 
meaning a withdrawal. 


Technique 


Plasma exchange is the continuous or discontinuous 
flow of anticoagulated blood into some form of 
centrifugal device which enables plasma separation 
to occur. Plasma is removed and an equivalent 
volume of replacement material is recombined with 
the patient’s cells and returned to the patient. An 
example of the continuous flow system is the IBM 
2997. and of the discontinuous flow system is the 
Haemonetics Model 30 or V50. Each has its own 
particular advantage, but in a discontinuous flow 
system fluid balance requires more careful manage- 
ment and it takes longer for a set volume because of 
the intermittent nature of the procedure. The volume 
of am exchange and the frequency and duration of 
treatment depends entirely on the individual disorder. 
At present treatment programmes vary enormously 
between different centres and there is a need for 
controlled studies to establish rational protocols and 
therapeutic efficacy in the variety of different 
disorders for which therapeutic plasma exchange has 
beer used. 


Rationale of plasma exchange 


The aims of plasma exchange are (1) Removal of 
plasma factors responsible for the causation or 
progression of disease. (2) Replacement of deficient 
plasma factors if the deficiency is causing the 
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disease. (3) Specific enrichment of plasma factors 
necessary for control of the disease. 

The majority of current usage falls into category 
(1): however recent reports suggest that dsorders 
falling into category (2) are under investigation,” but 
as yet there is little information on category (3) usage. 


Clinical uses 


The Table gives a list of diseases together with 
references to cases in which plasma exchange has 
been used and for which there may be a paediatric 
application. Most of these studies were underaken in 
adults, and reports of therapeutic plasma exchange 
undertaken in childhood are few. 

It is not the purpose of this review to deal n depth 
with each disease but rather to select examples of the 
principles concerned from each group, toget ier with 
any reports of usage in children. 


Table List of diseases with references to cases in 
which plasma exchange has been used 


ee 
Immunological disorders 
Antibody mediated 
Goodpasture’s syndrome? 
Acquired myasthenia gravis4~° 
Dermatitis herpetiformis’ 
Idiopathic thrombocytopenic purpura’ !3 
Autoimmune haemolytic anaemia? !0 
Haemophilia with inhibitors!!~!3 
Rh haemolytic disease of the newborn (maternal treatment)!4- 16 
Bone marrow transplantation across an ABO 
incompatible barrier!’ 18 
Insulin-resistant diabetes with insulin receptor antibodies ? 
Immune complex mediated 
Systemic lupus erythematosus2° 21 
Immune complex type of rapidly progressive glomerulonephritis?? 
Cutaneous vasculitis?4 24 
Presumed immunological 
Transplantation rejection2> 
Disseminated cancer with ‘blocking factors’2¢ 27 
Rheumatoid arthritis2® 29 
Dermatomyositis*® 
Guillain-Barré syndrome and the Miller-Fisher variant} +5 
Miscellaneous disorders 
Familial hypercholesteraemia++ 
Poisoning35 36 
Refsum’s disease+7 
Asthma3§ 
Uncontrollable hypertension}? 
Haemolytic uraemic syndrome? 4° 4! 
Thrombotic thrombocytopenic purpura#? 43 
Hypogammaglobulinaemia‘44 


LT 
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Immunological disorders 


Antibody mediated. The rationale for plasma 
exchange in these disorders is removal of the 
antibody implicated in the aetiology of the disease. 
Goodpasture’s and lung 
haemorrhage) 
The first major application of plasma exchange in 
autoimmune disorders was the removal of anti- 
glomerular basement membrane antibodies found 
circulating in patients with Goodpasture’s 
syndrome.* This is a rare form of rapidly progressive 
glomerulonephritis in which the underlying patho- 
genetic mechanism is partly understood. Anti- 
glomerular basement membrane antibodies have 
been shown to fix on to glomerular basement 
membrane and to crossreact with lung basement 
membrane; this antibody when eluted from kidneys 
of patients with the disease can produce a severe 
nephritis in experimental animals.?° 

Since the introduction of a treatment regimen with 
intensive daily plasma exchange combined with 
immunosuppressive drug therapy (azathioprine or 
cyclophosphamide, or both, plus prednisolone) the 
mortality for this disease has been reduced from over 
90 to 25%.7° Immunosuppressive therapy must be 
used to inhibit further antibody synthesis and to 
suppress inflammation. Further suppression of 
inflammation is thought to result from using plasma 
protein fraction as the replacement fluid, as this is 
devoid of non-specific inflammatory mediators such 
as fibrinogen and complement.* The clinical response 
to this regimen appears to correlate well with changes 
in anti-glomerular basement membrane antibody 
concentration*! and it is recommended that any 
patient with this disease showing rapid deterioration 
of renal function accompanied by pulmonary 
haemorrhage should have immediate plasma 
exchange, for the prognosis worsens once anuria has 
occurred. Although the disease is rare in childhood, 
cases do occur and a combination of plasma exchange 
and immunosuppression can be successful.47 


syndrome (nephritis 


Idiopathic thrombocytopenic purpura 

Several workers have claimed remission of disease 
after plasma exchange in fulminant idiopathic 
thrombocytopenic purpura with demonstrable anti- 
platelet antibodies. A prompt rise in platelets has 
been achieved after a minimum of one and a 
maximum of four plasma exchanges. Novak and 
Williams*® described an 8-year-old girl whose 
platelet count responded to one exchange but who 
died 48 hours later. In contrast Weir et al.* reported 
a patient who failed to respond; they suggested that a 
controlled trial should be carried out. However 


fulminant idiopathic thrombocytopenic purpura is 
fairly rare and if a child presents with catastrophic 
complications, unresponsive to conventional treat- 
ment, and with demonstrable anti-platelet antibodies, 
a trial of plasma exchange is not unreasonable. 


Haemophilia with circulating inhibitors 

The development of autoantibodies to factor VIII or 
IX in haemophiliacs can present a major problem in 
management, particularly if operative procedures 
are necessary. Cobcroft et a/.'* showed that pre- 
Operative plasma exchange for the removal of 
antibody and replacement with fresh frozen plasma 
and factor VIII concentrate enabled restoration of 
normal factor VIII levels, thus permitting an 
operative procedure to be undertaken safely. This is 
an example not only of the removal of the offending 
material but also of specific enrichment of the 
needed plasma factor. A new approach to this 
problem has been developed by Nilsson eż al.”® which 
may have much broader applications. Factor IX 
antibodies were removed by extracorporeal adsorp- 
tion of plasma (separated intermittently in a 
Haemonetics Model 30) on columns of sterile 
protein-A-Sepharose, with retransfusion of the 
treated plasma. A total of 6 litres of the patient’s 
plasma was depleted of antibodies in this manner 
enabling adequate factor IX substitution therapy and 
subsequent surgery to be undertaken safely. The 
patient’s total immunoglobulin content and specific 
antibody level decreased to one-fifth of the original 
values, and in principle this form of treatment could 
be used in patients with other forms of antibodies. 


Rh haemolytic disease of the newborn 

In this situation it is the maternal circulation which 
must be cleared of the causative IgG red cell antibody 
to protect the fetus from haemolysis. It was Graham- 
Pole et al. who first demonstrated that an intensive 
plasma exchange regimen could reduce the maternal 
anti-D level and the degree of fetal haemolysis, 
thereby saving affected infants without resort to 
intrauterine transfusion even if the mother had had 
previous stillbirths. This work has been extended in 
other centres and has produced a success rate of 
75% in a series in which the expected stillbirth rate 
was 62%.'® As a result plasma exchange started 
early in pregnancy can be recommended as a 
non-hazardous form of treatment in the management 
of severe Rh haemolytic disease. 

As no concomitant immunosuppressive therapy is 
advisable to help control further antibody pro- 
duction, plasma exchange has to be done about twice 
a week for a mean period of 134 weeks to maintain 
low antibody levels.'® However, should restimulation 
of the antibody occur by release of fetal Rh 
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D-positive cells into the maternal circulation, and 
should tae rise in anti-D become impossible to 
contrcl by plasma exchange alone, the only alter- 
native is to use intrauterine transfusion. This 
problem may soon be overcome by the development 
of immuaoadsorption columns in which specific 
removal cf anti-D®! may prove possible. 


Immune complex mediated. The logic of using plasma 
exchamge for the treatment of immune complex 
disease is based on the following concepts: removal 
of the immune complex load, removal of antigen or 
antibody or both of these, alteration of the size and 
lattice formation of the immune complex and thereby 
possibly its pathogenicity, unblocking of the 
reticuloendothelial system, and the removal of 
non-specific inflammatory mediators. 

Although the potential role of plasma exchange in 
immune complex disease appears greater than in 
antibody-mediated disease, the results are difficult to 
assess as many of these diseases are known to have 
spontane»us fluctuations in activity and most 
patients have been subjected to treatment with 
multiple drugs before the use of plasma exchange. 


Systemic lupus erythematosus 


The removal of immune complexes by plasma 
exchange in severe unresponsive systemic lupus 
erythematosus has been shown to be beneficial.”° *! 
Furthermore, studies on the levels of immune com- 
plexes in such cases have shown significant reductions 
in concentrations after plasma exchange. These 
levels comtinue to fall beyond the end of the plasma 
exchange period, supporting the concept that 
clearance of the reticuloendothelial system blockade 
is also achieved.®?°? Most workers have used 
plasma protein fraction as the replacement fluid but 
Moran e` al. suggested that patients with systemic 
lupus erythematosus respond better if fresh frozen 
plasma is used. They argue that in their 2 patients a 
more prelonged relief of symptoms and a better 
clearance of immune complexes was achieved by 
specific enrichment of complement present in fresh 
frozen plasma and often deficient in systemic lupus 
erythematosus. Further data are necessary before 
proper evaluation can be made, particularly as 
fresh frozen plasma carries the risk of further 
enhancing the inflammatory response by enrichment 
with non-specific inflammatory mediators. Few 
cases in children have been reported as systemic 
lupus erythematosus is rare in them. However, 
plasma exchange certainly has a place in rapidly 
progressive disease states that are not controlled by 
conventi »nal drugs, and a course of plasma exchange 
combine! with immunosuppressive therapy is a 
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logical step to take in the management of chi dhood 
systemic lupus erythematosus. 


Presumed immunological. The problem wich this 
group of disorders is that the underlying pathogenesis 
is poorly understood and the use of plasma exchange 
is often empirical. Plasma exchange shold be 
regarded as a research procedure until properly 
controlled studies have shown a benefit. 


Transplantation rejection 

It is thought that acute vascular rejection may be 
mediated by humoral antibodies and the removal of 
such antibodies and other humoral factors by plasma 
exchange may help to prevent graft failure. Uncon- 
trolled studies have been reported recently suggesting 
a favourable response to plasma exchange bet none 
shows a Statistically significant improvement in the 
overall graft survival.55-57 However, two recently 
reported controlled studiesř8 5° suggest that plasma 
exchange exerts no beneficial effect in transplanta- 
tion rejection episodes and as a result of negative 
findings, it is no longer used in one unit. 


Juvenile rheumatoid arthritis 

As a result of earlier successes in 2 children with 
severe connective tissue disease®® 6 Brewer ef al.®! 
used plasma exchange to treat 4 children with severe 
juvenile rheumatoid arthritis, based on the belief 
that circulatory immune complexes and reticulo- 
endothelial system blockade may be the pathcgenetic 
factors in this disorder. Plasma exchange was 
associated with partial remission in 2 patients, and a 
corticosteroid sparing effect permitted normal 
pubertal growth in one patient who was steroid 
dependent and dwarfed. 

There was no improvement in the characteristic 
eye lesions and no evidence that progression of 
erosive arthritis was prevented. One sudden death 
occurred during plasma exchange with fresh frozen 
plasma, the cause of death appeared related to 
microemboli of unknown nature found in the lungs 
at necropsy. In view of this episode these workers 
conclude that plasma exchange in children should 
be treated as a research procedure and should be 
performed only under conditions of intensive care. 


Miscellaneous disorders 

This group of disorders includes those in which 
known noxious agents are present in excess—for 
example cholesterol, poisons, phytanic acid; or 
those in which unknown noxious agents nay be 
responsible for rapid disease progression—for 
example asthma and hypertension; or those in which 
certain specific factors are lacking—for example the 





304 Robinson 


haemolytic uraemic syndrome, thrombotic thrombo- 
cytopenic purpura, or hypogammaglobulinaemia. 
The aim of plasma exchange is therefore removal of 
excess Components or specific enrichment, or both. 


Hypercholesteraemia 
Repeated plasma exchange at weekly or monthy 
intervals for periods of up to five years in 22 patients 
with severe hypercholesteraemia has been shown 
safely and effectively to control cholesterol levels 
inducing regression of xanthomata and arrest or 
retardation of atheroma.*4 

Although these results are striking the cost of the 
plasma protein fraction used in commercial terms is 
about £150 000 (1000 litres). Recently Borberg has 
described the use of specific sepharose adsorption 
columns for the removal of low density lipoproteins 
in plasma.® This new technology could considerably 
reduce the cost and may well be more efficient than 
the present method of management. 


Poisoning 

Plasma exchange can be of benefit in the management 
of poisoning if the ingested material is protein 
bound and hence non-dialysable—for example 
methyl parathion (a pesticide)? or mushroom 
poisoning. It has also been used effectively in 
sodium chlorate poisoning (weedkiller) for the 
removal of methaemoglobin and the degenerate cell 
debris produced by this powerful oxidant.®* 

Mild accidental poisoning in children is common; 
however severe poisoning is rare and accounts for 
only about 15 deaths a year in England and Wales. 
Many of these fatal cases are due to the tricyclic 
antidepressants (for example amitriptyline and 
imipramine), iron, and digoxin, for which the 
potential use of plasma exchange in management has 
yet to be exploited. 

Ninety-six per cent of circulating amitriptyline is 
reversibly bound to plasma protein and its half-life is 
between 44 and 75 hours; both these facts suggest 
that provided plasma exchange is technically 
feasible, it could prove invaluable in the management 
of this type of poisoning. The half-life of imipramine 
is much shorter (34 hours), hence plasma exchange 
would be of benefit only if used within 3 hours of 
ingestion. 

The problems of iron intoxication are created by 
the direct toxic effect of iron on the gastrointestinal 
tract leading to direct access to the portal circulation 
without transport across the intestinal mucosa. 

This results in toxic levels of unbound serum iron, 
and although this is chelatable, continued release of 
free iron from its protein bound state necessitates 
repeated doses of desferrioxamine. If a combined 
therapeutic approach of chelation therapy and 


plasma exchange were used, more rapid control 
might be achieved and previously unsalvagable cases 
be rescued. 

The potential use of plasma exchange in digoxin 
intoxication is more difficult to predict as it is 
rapidly distributed to the tissues and is preferentially 
bound to the myocardium at a ratio of 200:1 
compared with the amount circulating. Although 
only 25% of circulating digoxin is protein bound, its 
half-life is between 34 and 51 hours and plasma 
exchange could therefore provide a useful means of 
removing any remaining circulating digoxin before it 
becomes irreversibly tissue bound and thereby serve 
as a useful adjunct to more conventional therapy. 


Refsum’s disease (heredopathia atactica polyneuriti- 


formis) 


This is an autosomal recessive lipid storage disorder 
characterised by chronic polyneuropathy, retinitis 
pigmentosa, and icthyosis with raised blood levels of 
phytanic acid due to failure of x-oxidation of this 
fatty acid. Exacerbation of the disease correlates 
with a rise in blood level of phytanic acid, and 
improvement with a fall. Treatment in the past has 
been mainly by diet, but Gibberd et a/.?" recently 
achieved a good response in one patient by using 
large volume plasma exchange combined with a diet 
low in phytanic acid but of a high calorific value, 
thereby preventing mobilisation of phytanmic acid 
from fat stores. 

Early diagnosis and treatment of this disease by 
diet, and if necessary by plasma exchange, could lead 
to good long-term survival provided retinitis 
pigmentosa has not developed as this is irreversible. 


Haemolytic uraemic syndrome 

Recent hypotheses concerning the pathogenesis of 
haemolytic uraemic syndrome and_ thrombotic 
thrombocytopenic purpura suggest the absence of a 
plasma factor needed for prostacyclin production by 
vascular endothelium, or the presence of a circulating 
inhibitor to its production, or both of these.* 64 The 
belief being that defective prostacyclin activity 
favours the formation of platelet thrombi in the 
microcirculation, a finding typical of haemolytic 
uraemic syndrome and allied disorders. Two 
recently reported cases in which therapeutic plasma 
exchange with fresh frozen plasma as the replacement 
fluid was used in the management of childhood 
haemolytic uraemic syndrome appear to support this 
hypothesis. 44 However the use of therapeutic 
plasma exchange for haemolytic uraemic syndrome 
should be reserved for children in whom the 
prognosis is poor, aS our experience in the Leeds 
paediatric nephrology unit during the last 10 years 


has been a mortality rate of less than 5% for children 
aged under 5 years. In both cases reported, plasma 
exchange was used during a recurrent phase of the 
disease, a recognised poor prognostic factor, although 
both children were under 5 at their initial pre- 
sentation.*’ 4! If conventional forms of treatment 
fail to resolve the life threatening situation of severe 
thrombocytopenia, haemolytic anaemia, and hyper- 
tension, rapid resort to therapeutic plasma exchange 
may proveto be a rational and life-saving alternative 
in the management of severe haemolytic uraemic 
syndrome. 


Problems 


Plasma exchange is a fairly safe procedure with few 
adverse effects provided it is undertaken in an 
experienced unit. The most commonly encountered 
problems are citrate toxicity, management of fluid 
and electrolyte balance, hazards associated with the 
replacement fluids, and vascular access. 


Anticoagulant. Citrate is the most commonly used 
anticoagulant in all cell separation techniques and 
temporary hypocalcaemia can be a recurring 
problem unless measures are taken to avoid it. 


Fluid and electrolyte balance. If there is impaired 
renal fuaction exact fluid and electrolyte balance are 
of paramount importance. As most of these patients 
are incapable of responding to any fluid or electrolyte 
imbalance during plasma exchange, care must be 
taken to ensure that the colloid osmotic pressure and 
the electrolyte content of any replacement fluid are 
within >hysiological limits. In childhood, volume 
changes pose a particular problem as the extra- 
corporea! circulatory volume must be kept within 
the toleration limits of the child—that is less than 
15% of the total blood volume to avoid hypotensive 
episodes. To minimise blood volume changes special 
paediatric equipment or the addition of red cell and 
fluid supplements to the extracorporeal circuit may 
be necessary. 


Replacement fluids. Plasma protein fraction and 
fresh frozen plasma are the main replacement fluids 
usec. Fresh frozen plasma has the advantage of 
being cheap; it is readily obtainable and helps to 
maintam normal immunoglobulins, coagulation 
factors. and complement components but it has the 
disadvantage that it can cause allergic reactions, 
citrate load, and can transmit hepatitis and 
sensitisation to proteins. Allergic reactions to fresh 
frozen plasma are not uncommon and other workers 
as well as ourselves have found a higher incidence in 
alloimmunised individuals and in patients with 
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autoimmune disorders than in the general hospital 
population.*° 

Anaphylaxis is a serious hazard and unless fresh 
frozen plasma has been shown to have a therapeutic 
advantage over plasma protein fraction its use is not 
recommended. Plasma protein fraction dees not 
appear to be allergenic and is free from the risk of 
transmitting hepatitis and sensitisation to prctein; it 
is also devoid of inflammatory mediators. It nas the 
disadvantage of being expensive and in short supply 
and when used in large volume exchanges it can give 
rise to a transient coagulopathy. It is also deficient in 
pseudocholinesterase which could give rise to a 
prolonged episode of suxamethonium-imduced 
apnoea during anaesthesia unless fresh frozen 
plasma replacement is used before any anaesthetic 
procedure.®® Hypotension in response to the rapid 
infusion of plasma protein fraction $ seen 
occasionally in the USA and Australia, but this has 
not been reported in Europe and slight variations in 
methods of production must be responsible fər these 
differences. 

Occasionally combinations of commercial plasma 
expanders and plasma protein fraction cr fresh 
frozen plasma have been used, but this generally 
gives rise to protein depletion and transient coagulo- 
pathy; some allergic reactions have also been 
reported. 


Vascular access. A major problem encountered in 
childhood is adequate vascular access. This is 
essential to ensure a reasonable blood flow into the 
cell separator machine, otherwise plasma exchange 
cannot be undertaken. In the majority of cases intra- 
arterial or central venous lines or arteriovenous 
shunts have to be inserted with all their attendant 
risks. 

From the foregoing list of problems it cam be seen 
that plasma exchange in childhood is a more difficult 
and hazardous procedure than in adults. This may 
account for its fairly limited usage to date in 
paediatric practice. However its potential is exciting 
provided a rational approach is taken and its 
limitations are realised. 


Limitations 


Transient effect. Unless plasma exchange 5 used to 
remove short-lived non-recurring specific noxious 
agents—for example poisons—it can be regarded 
only as an emergency therapeutic measure used to 
interrupt a disease process whether mediated by 
antibodies, immune complexes, non-specific inflam- 
matory mediators, or by other as yet unspecified 
humoral agents—either a lack of them or an excess. 
The rationale being the prevention of further 
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irreversible tissue damage occurring before more 
conventional treatment—such as drug immuno- 
suppression—has become effective or before the 
damaged tissue or organ has had time to recover. 
Occasionally long-term treatment is indicated—for 
example in hypercholesteraemia—but this is a 
practicable proposition only if the interval between 
exchanges can be lengthened while still maintaining 
therapeutic benefit. At present plasma exchange is a 
fairly crude form of treatment, but with the advent of 
adsorption columns future prospects are brighter 
making the method more specific and obviating the 
need for any substitution fluid. The whole procedure 
then becomes cheaper, safer, and more satisfactory. 


Cost 


As therapeutic effectiveness is difficult to ascertain, 
the cost of the procedure must be taken into con- 
sideration. The current cost of undertaking one 
plasma exchange in childhood in terms of disposable 
equipment and plasma protein fraction used, is in the 
region of £150. This figure does not take into account 
the capital and revenue expenditure incurred by 
the running of an efficient cell separator unit; 
without experienced staff the procedure is impossible 
tocarry out. It is foolhardy and potentially hazardous 
to attempt therapeutic cell separation procedures 
only occasionally with an inexperienced team, but 
the costs of running such units are high. 


Conclusion 


Plasma exchange is an exciting field which has given 
a new therapeutic approach to a variety of different 
disorders. Furthermore it has opened up the 
possibility of a combined approach using adsorption 
columns for the removal of the specific unwanted 
substance. By enabling the enrichment or depletion 
of a particular substance in the circulation it can be 
used as an investigative tool in the study of that 
substance’s role in the disease process. 

It is important that such studies are undertaken in 
units in which full laboratory assessment is possible 
and that controlled trials are undertaken in diseases 
where the therapeutic efficacy of plasma exchange is 
in doubt. To quote from a recently written article on 
plasma exchange, ‘Its excessive use beyond its 
natural limitations could overshadow its intrinsic 
merits and hasten its decline.’*4 
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Short reports 


Glycogen storage disease (type I) presenting in the neonatal period 


B R HUFTON AND B A WHARTON 


Sorrento Maternity Hospital, Birmingham 


SUMMARY Four Asian babies presenting with type I 
glycogen storage disease during the early weeks of 
life are described. In one child the symptoms, 
metabolic acidosis, and hypoglycaemia were so 
easily controlled that the diagnosis was not enter- 
tainec, leading to a late diagnosis. In another child 
the diagnosis was reached only by investigation of a 
fortuitously detected hyperlipidaemia. The 3 babies 
in whom early treatment was started are thriving, 
and im one, the liver histology was so normal that 
doubt wes cast on the diagnosis initially. 





Presentation of type I glycogen storage disease 
during the neonatal period may be more common 
than has a therto been thought. We report our recent 
experience of the early presentation of this rare 
metabolic disorder in 4 children born during the last 
five years. 


Case 1 


This girl was born in 1976 at term, the eighth child 
of healthy Pakistani parents, who were Ist cousins; 
7 siblings were alive and well. Birthweight was 
3-28 kg. Tachypnoea was noted at age 24 hours, 
there was a metabolic acidosis (base excess —15), 
asymptomatic hypoglycaemia (glucose | mmol/l; 
18 mg/}00 ml), and the liver was enlarged. 
Normogłycaemia was maintained by continuous 
intragastric infusion of milk and the acidosis required 
initial correction with oral bicarbonate. By 7 days 
normoglycaemia was maintained with normal 4- 
hourly feeds without bicarbonate. At discharge the 
only clinical abnormality was a palpable liver. She 
was seen monthly on 4 occasions, found to be 
thriving on a normal diet, with a normal acid base 
balance but with a persistently enlarged liver. 

She was admitted to another hospital at age 5 
months with pronounced tachypnoea, severe meta- 
bolic acidosis, and hepatomegaly (Dr J Insley). 
Glucagon and galactose stimulation tests suggested 
a type I disorder (Figure). Liver biopsy showed an 
excess of glycogen (10-7% of wet weight of liver) 


and no detectable glucose-6-phosphatase activity 
(Dr N Raine), confirming type I glycogen storage 
disease. 

Despite a low lactose diet offered every 2 to 3 
hours during the day she has done badly, suffering 
frequent episodes of metabolic acidosis, and poor 
growth (height 2 cm less than 3rd centile for age). 


Case 2 
This boy was born in 1979 at term; birthweight was 


3-98 kg. At age 5 days, although only mildly icteric, 
a serum bilirubin level was reported as 325 umol/l 
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Figure Blood glucose and lactate levels after 
intramuscular glucagon or oral galactose given 

(Cases 2, 3, and 4) 3 to 4 hours after the previous feed 
(Case 1 not fasted). 


309 


310 Hufton and Wharton 


(19 mg/100 ml). Serum however, was noted to be 
lipaemic causing an interference with the bilirubin 
estimation. Fasting lipid showed a normal serum 
cholesterol level of 6-6 mmol/l (250 mg/100 ml) but 
a grossly raised triglyceride level of 37 mmol/l 
(3300 mg/100 ml). Further investigation suggested 
glycogen storage disease. The parents denied any 
relevant family history and it was not immediately 
apparent that the child was a brother of Case 1. 
Hypoglycaemia was not noted until he was fasted in 
preparation for a glucagon stimulation test, neither 
had he demonstrated any metabolic acidosis. The 
results of glucagon and galactose stimulation tests 
were very similar to those of his sister (Figure). Liver 
biopsy and enzyme assay were not performed in view 
of the unequivocal findings in his sister. Unlike his 
sister he has remained well on a regular low lactose 
dietary regimen and is well grown (height on 50th 
centile). 


Case 3 


This boy was born in 1979 at term, the third child 
of healthy Pakistani parents who were Ist cousins: 
his two siblings were alive and well. Birthweight 
was 3-62 kg. He presented at age 10 hours with 
lethargy, difficulty in feeding, and hypoglycaemia 
(blood glucose 0-9 mmol/l; 16 mg/100 ml). 
Normoglycaemia was maintained with a con- 
tinuous intragastric milk infusion. At age 3 days he 
was tachypnoeic, had a metabolic acidosis (base 
excess —13), and the liver was enlarged. Glucagon 
stimulation tests (with and without fasting) and the 
galactose test showed the lack of an increased level 
of blood glucose with an increase in lactate typical 
of type I glycogen storage disease (Figure). He was 
fed 3-hourly throughout the 24-hour period with a 
low lactose diet. Liver biopsy performed at age 2 
months (Dr M Tarlow) showed that the only 
abnormality was a moderate fat deposition (Dr B 
Lake). Liver glucose-6-phosphatase activity was 
normal (Professor D Patrick) and a provisional 
diagnosis of type IB glycogen storage disease was 
made.!~? Nevertheless, the surprisingly normal liver 
histology led us to seek further confirmation of the 
diagnosis. Glucagon and galactose stimulation tests 
were repeated at age 4 months and showed the same 
results as before. Liver biopsy (Dr J Leonard) was 
repeated at age 6 months with repeat enzyme assay 
for glucose-6-phosphatase both on fresh and frozen 
liver tissue as described by Igarashi.2 This showed 
normal glucose-6-phosphatase activity on frozen 
liver tissue and an enzyme activity at the lower limit 
of normal on fresh liver tissue (Professor D Patrick). 
This difference between fresh and frozen tissue, 
although not as great as described by Igarashi, 


supported the diagnosis of a type IB disorder. Liver 
histology showed as before a minimal abnormality, 
with normal liver glycogen and slight increase in fat 
deposition (Dr B Lake). 

On a low lactose diet given every 2 hours he has 
remained well and is well grown. Continuous 
nocturnal tube feeding’ has been successfully 
introduced recently. 


Case 4 


This girl was born in 1980 at term, the second child 
of Indian parents who were 2nd cousins. Birth- 
weight was 3-12 kg. A previous child born in 1978 
at 28 weeks’ gestation had died of necrotising entero- 
colitis. Tachypnoea and metabolic acidosis (base 
excess —16) and hypoglycaemia (glucose 0-9 
mmol/l; 16 mg/100 ml) were noted at 7 hours. A 
10% dextrose infusion in addition to normal milk 
feeding was required to maintain normoglycaemia 
for the first few days. 

At age 4 days an enlarged liver suggested the 
diagnosis of glycogen storage disease. Subsequent 
investigations confirmed this: results of glucagon 
and galactose tests were similar to those of the other 
patients (Figure). Liver biopsy(Dr M Tarlow) showed 
an excess of glycogen and the enzyme assay very 
low glucose-6-phosphatase activity, confirming type I 
glycogen storage disease (Dr A H Cameron, Pro- 
fessor D Patrick). At age 9 months she remains well 
on a 3-hourly round-the-clock low lactose diet, but 
with an obviously enlarged liver. Nocturnal tube 
feeding has recently been introduced. 


Discussion 


These 4 cases demonstrate some important points. 
Although rare, a neonatal presentation of type I 
glycogen storage disease may be more common than 
has hitherto been recognised. Symptoms may be 
transient, their significance not appreciated, and the 
diagnosis overlooked as in Case 1. We suggest that 
in the neonatal period, any unexplained metabolic 
acidosis, hypoglycaemia (often asymptomatic), hepa- 
tomegaly, or hyperlipidaemia merits the considera- 
tion of glycogen storage disease among the differential 
diagnoses. Fernandes et a/.° suggested that in type I 
glycogen storage disease the reduction of plasma 
lactate level after glucose may be a useful investiga- 
tion without the potential danger of either a pro- 
longed fast or galactose. 

Although early reports suggested the neonatal 
presentation was associated with a poor prognosis®~8 
it seems likely that the early diagnosis and institution 
of treatment may reduce complications and improve 
the subsequent prognosis. Case 1 suffered repeated 
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episoces of metabolic acidosis and is growth re- 
tardec, whereas the 3 diagnosed in the neonatal 
period are thriving. All our patients were Asian and 
consanguimity was a feature in every case. 


We thank the Department of Medical Illustration, 
Birmingham Children’s Hospital, for the figure and 
Mrs Margaret Robson for secretarial assistance. 
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Liver damage in a neonate with alpha-|-antitrypsin deficiency due te 


phenotype PiZ null (Z ) 


JOHN BURN, DAVID DUNGER, AND BRIAN LAKE 
MRC Cuinical Genetics Unit, Institute of Child Health and The Hospital for Sick Children, London 





SUMMARY An infant with neonatal liver damage 
had x-l-<antitrypsin deficiency, having inherited the 
Z allele "rom the father and the rare null allele from 
the motner. This indicates that while a lack of serum 
antiprotease predisposes to early liver disease, 
homozygosity for the Z allele is not essential. 





Alpha-!-antitrypsin represents the major serum 
protease inhibitor and can be quantified on this 
basis. The use of electrophoresis and isoelectric 
focusing has helped to identify at least 28 allelic 
variants, 4 of which are associated with low levels 
of clinieal significance; these are labelled Z, S, null, 
and M ™!ton) in the Pi (protease inhibitor) classi- 
fication. There is a complete Jack of «-l-antitrypsin 
on the rare occasions that a homozygote for the 
null allele is identified.'~? This allele produces no 
electrophoretic band; the heterozygous state can be 
deduced only by quantification and electrophoresis 
of parental blood. 

The association of liver disease with «-1-anti- 
trypsin deficiency has been known since 1969, 
nearly all cases being presumed ZZ homozygotes. 
The P*Z null (Z~) heterozygote is rare. Sveger* 


found 2 Pi Z- neonates among 200 000 screened in 
Sweden, one of whom was normal; the o her had 
slightly abnormal liver function tests. We ceuld find 
no previous report of severe liver damage ia a child 
with the Z~ phenotype. We report one such case. 


Case report 


A girl was born weighing 2-08 kg at 37 weeks’ 
gestation, by caesarean section, performed because 
of cephalopelvic disproportion. She was the first 
child of unrelated parents, the mother having had 2 
normal children by a previous marriage. Poly- 
hydramnios was noted at delivery; the placenta was 
oedematous and weighed 750 g. 

The patient required intubation at berth and 
regular respirations were not establishec until 7 
minutes had elapsed. During the first 34 hours 
generalised abdominal distension and hepato- 
splenomegaly were noted. Her indirect bili ubin, on 
day 3, was 371 umol/l (21-8 mg/100 m) with a 
normal haemoglobin level, and one excharge trans- 
fusion was performed. A top-up transfusion was 
required on day 11. She failed to thrive and was 
referred for investigation at 8 weeks. 
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Examination showed a small, wasted child with a 
functional systolic murmur. The abdomen was dis- 
tended and tympanic, with a liver edge 3 cm below, 
and a spleen tip palpable 3-4 cm below, the costal 
margin. Examination was otherwise normal. The 
haemoglobin concentration was 10-6 g/l, with a 
white cell count of 21-6 x 10°/I with 49% lympho- 
cytes, total bilirubin of 48 umol/l (2-8 mg/100 ml) 
(direct 26 umol/l (1-5 mg/100 ml)), total protein 
55 g/l, albumin 31 g/l, ALT 1266 IU/I, AST 123 
IU/I, 5’ nucleotidase 44 IU/I, and alphafetoprotein 
of 430 ug/l. The bone age was 32-35 weeks but 
skeletal survey was otherwise normal. Ultrasound 
examination confirmed liver and splenic enlarge- 
ment but the kidneys and portal veins were normal. 
The «-1 globulin band was absent on plasma protein 
electrophoresis. The quantitative x-l-antitrypsin 
level was 0-4 g/l (40 mg/100 ml): in the mother it was 
0-8 g/l (80 mg/100 ml) and in the father 1-2 g/l 
(120 mg/100 ml). Further studies showed the Z pattern 
in the patient, M pattern in the mother, and MZ in 
the father. This indicated that the mother was a 
heterozygote for the M and null alleles and that she 
had passed on the null allele to her daughter who by 
inference must have the Z- phenotype. 

A needle liver biopsy at age 10 weeks 5 days 
showed preservation of the lobular architecture with 


prominent portal areas containing increased con- 
nective tissue. There was an accumulation of fat 
and diastase resistant-periodic acid-Schiff (PAS) 
positive globules in hepatocytes predominantly in 
the periportal regions, although PAS-positive drop- 
lets were found throughout the lobules (Figure). 
Bile pigment was present mainly within hepatocytes 
particularly in the centrilobular regions. Electron 
microscopical examination showed an accumulation 
of an amorphous substance within distended endo- 
plasmic reticulum of hepatocytes. 

The following investigations were normal: plasma 
electrolytes, calcium, phosphate, copper and zinc, 
thyroid function tests, urinary mucopolysaccharide, 
organic acid and amino-acid screens. Vacuolated 
lymphocytes were not detected and serology— 
including a TORCHES* screen, Paul-Bunnell, and 
Australia antigen—was negative. Chest x-ray films, 
barium meal, barium enema, sweat test, and electro- 
cardiograms were normal. 


Discussion 


We report a child with «-l-antitrypsin deficiency 
associated with the Z- phenotype who suffered 


rubella. cytomegalovirus, herpes. echo, 


* Toxoplasma, 
syphilis. 





Figure Periodic acid-Schiff-positive droplets accumulating within distended hepatocytes adjacent to a prominent 
portal tract. The droplets measured up to 9 um; droplets over 3 um in diameter are considered specific markers for the 


presence of a PiZ allele. 
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neonata hepatitis of prenatal onset, and has per- 
sisting acpatosplenomegaly. Neonatal hepatitis is 
associated with «-l-antitrypsin deficiency in 10 to 
20°% of eases, the majority being homozygous for 
the Z abele. The Z~ phenotype can be distinguished 
only by examination of the parental phenotypes. 

The occurrence of neonatal hepatitis in our 
patient suggests that while low levels of plasma 
antiprotease are a factor in the aetiology of liver 
damage such damage can occur without the presence 
of two Z-alleles. Many individuals deficient in anti- 
protease activity have normal liver function however, 
so One er more other factors must be involved. 

One may speculate on the nature of the second 
factor. It is not the PAS-positive deposits. Their 
presence and distribution show no correlation with 
liver damage. The limited family data suggest that 
ZZ ind@viduals are at much greater risk of liver 
damage if a ZZ sibling has had liver disease, but the 
observation of monozygotic twins with the ZZ 
phenot»pe being discordant for liver disease is 
against the second factor being a separate gene 
defect. Attempts to identify infective or other 
envirormental agents have not been successful. A 
further possibility is that low levels of «-1l-anti- 
trypsin oredispose, in some way, to immune damage 
to the «al or neonatal liver. This is supported by 
the observation that lymphocytes from individuals 
with hepatitis and antiprotease deficiency are 
cytotoxic for isolated rabbit hepatocytes.’ As there 
is evidence that maternal lymphocytes enter the fetal 
circulatien,® these could become similarly sensitised ; 
this would provide an explanation for the increased 
incidence of liver damage in «-l-antitrypsin- 
deficient individuals whose previous sibling was 
affected. 


We thank Dr D W Hide and Professor Otto Wolff 
for permission to report this case, Miss P Goffron 
for preparing the manuscript, and Dr A Milford 
Ward and the staff of the Supraregional Specific 
Protein Reference Unit, for performing the «-l- 
antitrypsin electrophoresis and quantitation. 
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SUMMARayv About half of all infants and toddlers 
wit 1 irfectious diarrhoea of probable virus aetiology 
anc treated with an oral rehydration solution con- 
taining 4-6% glucose had faecal glucose > 0-3%. 
In mo«t of them the faecal concentration of glucose 
was higher than 0-50°%. From the physiological 
point >" view, it seems wise to decrease the glucose 
concentration substantially from that so often 
reconmmended for the treatment of diarrhoea in 
develqned countries. 





The use of oral rehydration solutions in the treat- 
ment of diarrhoea in infants and toddlers has been 
successful. The precise composition of an ideal oral 
fluid is unknown. Solutions with a low glucose 
(2%) and a high sodium concentration (about 90 
mmol/l) are recommended for developing countries, 
but in developed countries such solutions generally 
contain 4-5 % glucose (or sucrose) and 25-35 mmol/l 
sodium.! The higher incidence of toxigenic infections 
in developing countries is one reason for the differ- 
ence, but the traditional fear of hyperosmolar 
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dehydration and the desire to supply calories are two 
others. This report deals with the question of the 
optimal glucose concentration in oral rehydration 
solutions used for the treatment of infectious 
diarrhoea in developed countries. 


Material and methods 


All children under 4 years of age admitted to our 
department because of infectious diarrhoea during 
1977-79 were initially included. If faecal culture 
showed growth of enteropathogenic bacteria the 
children were excluded from the investigation. One 
child showed growth of the Yersinia sp. organism and 
another growth of Shigella sp. The first 31 children 
(series A) were given an oral solution containing 
4-6% glucose (225 mmol/l), sodium 35 mmol/l, and 
potassium 20 mmol/l. After 36 hours, increasing 
quantities of a milk-based formula and decreasing 
amounts of the initial rehydration solution were 
given. In the next series (B) alternate children (B-1) 
were given the same solution, and the others (B-2) 
a solution containing 2-3°% glucose. 

Of the initially randomised children only those in 
whom there was a watery phase of the stools could 
be studied. The data of 3 children were too scanty 
to be included. Eventually therefore group B-1 
comprised 20 children, and B-2 16 children. The 
means and ranges of ages in the three groups were 
A:15 months (5-44), B-1:16 months (6-31), and 
B-2:17 months (5-36). Faecal glucose was estimated 
in the watery phase of the stools provided it was 
possible to obtain a liquid sample with the aid of 
Rediatest (BM). Any test showing a ++ reaction 
or greater (>0-3% glucose) was regarded as 
positive. 


Results 


Thirteen of 27 children in the first series had faecal 
glucose. Of 198 faecal specimens 60 gave positive 
results. Nine of 20 children in group B-1 had faecal 
glucose and 31 of 96 specimens were positive for 
glucose. In group B-2 (the children given a lower 
concentration of glucose) 6 of 16 had faecal glucose, 
and 6 out of 65 stools were positive for glucose. 
There was no significant difference between the 
groups judged by time for hospital care, oral treat- 
ment failures, or number of loose stools per day. 
Most of the positive stools showed +++ re- 
actions—that is a glucose concentration of >0- 5%. 
In one infant with initial moderate iso-osmolar 
dehydration oral administration of the 4-6% solu- 
tion seemed to cause an aggravated and hyper- 
osmolar dehydration (serum sodium 152 mmol/l). In 
this infant all stools were watery and highly positive 


for glucose until intravenous treatment with fluids 
was given. 


Discussion 


Stools may occasionally contain traces of glucose. 
The upper normal limit for faecal glucose has been 
discussed and a concentration of >0-25% is 
generally regarded as pathogical.? In our study 
designed for positive stools all the children had 
faecal glucose in concentrations >0-3°%, most of 
them above 0:5%. Thus children with ‘ordinary 
Western’ infectious diarrhoea may often be affected 
by temporary glucose malabsorption, and even if 
solutions of only 2-3% glucose are used, a few 
stools of some children may contain glucose above 
the normal limit. 

Most children given 4-5 % glucose solutions seem 
to tolerate them well. However, the aim of producing 
a small increase in the caloric supply is probably not 
achieved if glucose is lost in the stools, and moreover 
there may be some risk of inducing more diarrhoea. 
Unlike earlier investigations in piglets and infants, 4 
some recent studies report faecal glucose in virus- 
induced diarrhoea, especially in rotavirus infection.® 
Structural and functional changes of the intestinal 
mucosa indicating impaired glucose absorption have 
also been shown in virus-induced diarrhoea.® 

A glucose concentration lower than 4-5°% also 
seems sufficient from a physiological point of view. 
Glucose-enhanced sodium and water absorption 
appears to reach an optimal level at as low a glucose 
concentration as 1%.7 8 

With this report we wish to call in to question the 
wide difference between the concentration of glucose 
recommended for developing countries by WHO 
and that used frequently in developed countries, 
especially since some of the solutions used in de- 
veloped countries are also distributed in developing 
ones. 
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SUMMARY A Turkish Cypriot family with 3 con- 
sanguimeous marriages is described. Segregation of 
the 21-hydroxylase deficiency gene was traced by 
HLA genotyping and this information used for 
genetic-counselling. 





Close linkage between the 21-hydroxylase deficiency 
gene and the HLA complex on chromosome 6 has 
now been established.! 2 Two genes are thought to 
be coneerned in the genetic control of this condition, 
one beween the HLA B and DR loci and a second 
between the DR and GLO loci.* Before the recog- 
nition of the HLA linkage of this enzyme deficiency, 
detection of heterozygote carriers by measurement 
of the response of plasma 17OH-progesterone to 
adrenocorticotrophic hormone (ACTH) stimulation 
was described.4 Comparison of HLA genotyping and 
ACTH stimulation as methods for detection of 
heterozygotes has suggested that the former was 
more reliable because of overlap in plasma 170H- 
progesserone levels between obligate heterozygotes 
anc hemozygous normal family members, making 
classification of some family members difficult. We 
describe a family with 3 consanguineous marriages 
in which segregation of the 21-hydroxylase deficiency 
gene was traced by HLA typing, and this information 
used fer genetic counselling. 


Patients and methods 


The propositus was the first child of Turkish 
Cypriet parents who were Ist cousins. Ambiguous 
external genitalia were present at birth and the 
infant was thought to be a boy with perineal 
hypospadias and undescended testes. Aged 3 weeks, 


investigations for poor weight gain showed plasma 
sodium 124 mmol/l, potassium 9-5 mmol], and a 
karyotype of 46 XX. Plasma 17OH-progesterone 
measured by radioimmunoassay was greatly raised 
at 2370 nmol/l (normal range <10 nmol,!). These 
features are consistent with the salt-losing form of 
21-hydroxylase deficiency. The infant was brought 
up as a girl. 

The family history showed that the pedigree 
(Figure) contained two other Ist-cousin marriages 
and that several siblings of both parents had died 
unexpectedly in infancy in Cyprus. After explanation 
of the genetic nature of the condition to the parents, 
the family requested genetic counselling. Accord- 
ingly, HLA genotyping of the propositus and 12 
other family members who were clinically normal 
was carried out. 


HLA genotyping. Typing for HLA A, B, and C loci 
was performed by a microlymphocytoxicity test 
using a modified NIH technique.® HLA-DF antigens 
were defined on unseparated peripheral blood 
lymphocytes using a double colour immunofluor- 
escent technique.” All A, B, C, and DR antigens 
which were officially recognised by the WHO 
nomenclature committee in 1980 were typed for. 


Results 


The results of HLA genotyping are shown in the 
Figure. As far as can be judged there had been no 
recombination in the major histoconmpatability 
complex, the 5 haplotypes in this family being 
inherited unchanged. 

One of the predictions for the proposites born of 
Ist cousins was that she would probably be homo- 
zygous for an ancestral HLA-haplotype. which is 
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Figure Pedigree of family with 21 -hydroxylase deficiency. 


children who died unexpectedly in infancy. 


unlikely if the parents are unrelated. The propositus 
is homozygous for the haplotype A3, BW35, (BW6), 
CW4, DR2, (MT1), and therefore we can conclude 
that the 21-hydroxylase deficiency gene is contained 
within the length of DNA which is identified by that 
parental haplotype. Family members, II,, II, Hi, 
IITs, IIg, 111,,, and IHI, are therefore heterozygous. 
GLO typing was performed by Dr Simon Welch, 
Department of Biochemistry, London Hospital 
Medical College in the propositus, her parents, and 
4 other relatives. All were homozygous GLO 2.2, 
which was therefore uninformative. 


Genetic counselling. The 3 consanguineous couples 
each requested genetic counselling. Couple IIT, /1IT,,, 
the parents of the propositus were told of the 1 in 4 
risk of each subsequent child being affected. Couple 
I/I; had recently married and had waited for 
the HLA results before deciding whether to have 
children. The wife III, was a carrier. The husband 
II; was probably not a carrier unless paternal 
recombination of the second gene outside the DR 
locus had occurred. This is likely to be only a small 
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The propositus is indicated by an arrow. A shows 


risk and cannot be checked because typing of the 
GLO locus was not informative. Consequently they 
were counselled that there was no appreciable risk 
of their children having 21-hydroxylase deficiency. 
Couple 11, /II1, had 2 normal children and requested 
counselling about the risk in subsequent pregnancies. 
Both the wife III, and the husband III, were carriers. 
The risk in their case was felt to be effectively less 
than 1 in 4 because recombination may have removed 
either the intra or extra DR gene from the relevant 
haplotype. Neither of their children was a carrier. 


Discussion 


The linkage of the 21-hydroxylase deficiency gene to 
the major histocompatability complex is now firmly 
established.® HLA genotyping for genetic counselling 
however, is only reliable in the event of no recombi- 
nation between the 21-hydroxylase deficiency gene 
and the HLA marker. The results in this family 
strongly suggest that recombination did not occur. 
Significant variation in the severity of the 21- 
hydroxylase deficiency may occur, even within a 


HLA typing as a method of genetic counselling in congenital adrenal hyperplasia 317 


single family, and this point was stressed during the 
counselling. HLA genotyping may therefore have a 
practical clinical application in ascertaining the 
distribution of the 21-hydroxylase deficiency gene as 
the basis for genetic counselling. 


We thank Dr M F Robards for permission to 
publish data on his patient and Dr A G Cudworth 
for help in the preparation of the manuscript. 
Mr D Fry of the Department of Biochemistry, 
Epsom District Hospital, Surrey, measured the 
plasma |7OH-progesterone. 
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Hepatic cellular injury during varicella 
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SUMMARY Serological evidence for hepatic cellular 
injury may occur during uncomplicated varicella. 
The magnitude of abnormalities may be helpful as a 
guide ia the management of children with progressive 
varicella or varicella-associated Reye’s syndrome, 
but liver function tests may be in the normal range. 
Viraemia was not detected during the acute stage of 
varicella-associated Reye’s syndrome. 





Susceptible children who are immunologically 
compromised by disease or treatment are at risk of 
developing progressive varicella if exposed to 
varicella-zoster virus. Serological evidence of hepatic 
cellular injury has been used to corroborate the 
clinical impression of progressive infection in such 
patients. In addition, hepatic cellular injury is a 
diagnostic criterion for Reye’s syndrome! which may 
complicate varicella. Because varicella is a self- 
limited childhood exanthem, evidence of hepatic 
cellular dysfunction is not generally sought in the 


normal child undergoing a typical course of nfection. 
However, recent reports suggest that chemical 
hepatitis may occur during apparently uncom- 
plicated varicella.2-4 Therefore, normal chi dren with 
varicella, children at risk of developing progressive 
varicella, and children with Reye’s — yndrome 
complicating varicella were evaluated for serological 
evidence of hepatic cellular dysfunction Because 
progressive varicella has been associaed with 
viraemia during exanthem,°® children wih Reye’s 
syndrome were also examined for the occerrence of 
viraemia during the early stages of encephalopathy. 


Materials and methods 


After informed consent had been obtained, 75 
patients with varicella, confirmed by the recovery of 
varicella-zoster virus from vesicle fluid n human 
fibroblast tissue cultures or by the demonstration of 
a 4-fold rise in membrane fluorescence antibody 
titre.» were evaluated for serological ewidence of 
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hepatic cellular injury. All, except 9 children with 
Reye’s syndrome, were evaluated during the first 
4 days of exanthem. Siblings of patients with Reye’s 
syndrome were excluded. Twenty-nine children 
without underlying disease had a course typical of 
varicella. Thirty-four patients at risk of developing 
progressive varicella, because of underlying disease 
or immunosuppressive therapy, were evaluated and 
16 of them were considered to have had a progressive 
course of infection. None of the children with 
progressive infection had evidence of hepatic 
cellular dysfunction and encephalitis without the 
clinical involvement of other organ systems. 

An additional 11 children who met the criteria of 
Reye’s syndrome! complicating varicella were 
evaluated for evidence of hepatic cellular injury and 
for the presence of viraemia during the first 3 days of 
encephalopathy, representing the 4th to 16th day of 
exanthem. Only 2 of these children were examined 


during stages of vesicle formation. Children with 
Reye’s syndrome had no evidence of underlying 
disease and had not received immunosuppressive 
therapy before the onset of encephalopathy. 

Serum aspartate transaminase (AST),° alanine 
transaminase (ALT),’ lactic dehydrogenase (LDH),® 
alkaline phosphatase (AP),° and total bilirubin 
levels® were assayed at the time of illness. On some 
patients, AST and ALT were assayed’ on serum 
stored (—20°C) for between 6 months and 5 years. 
Similar AST and ALT results were obtained on 
5 sera evaluated by both methods. Plasma ammonia 
was assayed® on heparinised venous blood stored on 
ice for 20 minutes before assay. Buffy coat cultures 
were performed in newborn human fibroblast tissue 
cultures as previously described.’ 


Results 


Serological evidence for hepatic cellular dysfunction 
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The normal ranges of values are bracketed on the ordinates. 
(A) Normal children, typical varicella. 

(B) ‘At risk’ children, typical varicella. 

(C) Normal children, varicella-associated Reye’s syndrome. 
(D) ‘At risk’ children, progressive varicella. 
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was detected in patients undergoing a typical or an 
unusual course of varicella (Figure). Most children 
with psogressive varicella-zoster virus infection and 
those with Reye’s syndrome had raised serum 
enzymes and plasma ammonia levels. Although the 
degrees of apparent hepatic cellular abnormality in 
these patients exceeded those in children undergoing 
a typical course of varicella, some of the latter 
children also had serological evidence of hepatic 
cellular injury during their acute vital illness. Thus, 
about one-third of the normal children experiencing 
uncomplicated varicella had slightly raised AST 
values end 2 had pronounced increases, 2 children 
undergoing uncomplicated varicella had raised ALT 
values, and almost all children had high AP and 
LDH values. Although cutaneous vesicles were 
not enumerated in all patients, the serum LDH 
appeared to correlate with the degree of dermal 
injury im patients with typical varicella. High levels 
of plasma ammonia appeared to be correlated in 
most patients with increases in both AST and ALT. 

None of the 11 patients with varicella-associated 
Reye’s syndrome was viraemic during the first 
3 days o encephalopathy. 


Discussien 


Serological evidence of hepatic cellular dysfunction 
may be Getected during the course of typical varicella 
in normal and immunologically modified patients as 
well as in those experiencing an unusual course of 
infection. However, the magnitude of abnormalities 
in those experiencing progressive varicella or Reye’s 
syndrome is greater than that seen in patients with 
typical varicella. Although some of the serological 
abnormalities may have derived from cells other than 
the hepa‘ocyte, the high AST and plasma ammonia 
values seen in patients with typical varicella imply 
specific hepatic cellular injury. Because the plasma 
ammonia level may be raised in normal children with 
varicella, increases in AST, ALT, bilirubin, and AP 
also probably reflect hepatic cellular injury during 
varicella. However, increases in the total serum LDH 
in patients with typical varicella may reflect the 
degree of cutaneous involvement during varicella,” 
although ‘ractionation of the LDH might distinguish 
the site o cellular injury. 

The failure to demonstrate viraemia in patients 
with varicella and encephalopathy due to Reye’s 
syndrome supports the thesis that the pathophysio- 
logy of Reye’s syndrome is different from that of 
progressive varicella-zoster virus infection with 
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hepatic and central nervous system involvement. 
Alternatively, viraemia may precede the onset of 
encephalopathy in Reye’s syndrome. However, in 
5 previously reported’ patients with progressive 
infection affecting the central nervous system, 
viraemia occurred simultaneously with encepha- 
lopathy, and in one child persisted for 15 days. 

In the absence of histological studies, it i: possible 
only to speculate whether the hepatic histology in 
children undergoing uncomplicated varicella is 
similar to that observed in children with either 
progressive infection or Reye’s syndrome. Although 
serological evidence of hepatic cellular injury may be 
a guide in the management of children suspected of 
having progressive varicella or Reye’s syndrome, 
it may be within the normal range in these children 
and may be abnormal in children experiencing a 
‘typical’ course of varicella infection. 


This study was supported by grant AI 13627 from 
the US Public Health Service. 
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Career prospects in paediatric gastroenterology * 


A questionnaire was sent to 74 members of the 
British Paediatric Gastroenterology Group. Of the 
65 returned, 36 questionnaires were completed by 
paediatricians, 16 by paediatricians in training, 
and 13 by other specialists. 


Table | Geographical distribution of consultants 
(NHS or academic) with special interest in paediatric 
gastroenterology (n = 36) 








East Anglia 1 Trent 4 
Mersey ] Wessex l 
Northern 1 West Midlands 3 
North-West 2 Yorkshire l 
Oxford I 
South-West 3 Northern Ireland 2 
Thames—NE 3 Scotland 4 
NW 2 Wales l 
SE 5 
SW l 
Table 2 Title of appointment of consultant paediatricians 


with special interest in gastroenterology 








General paediatrician 16 
General paediatrician with special interest in 
gastroenterology Fi 
Academic appointment (professor, reader, 
senior lecturer) 13 
Table 3 Number of sessions devoted to gastroenterology 


by consultant paediatricians 





Number of sessions weekly 


2 3-5 6-8 8+ 


Number of paediatricians* 7 14 4 5 








* Not estimated 6. 


Special interests 


All listed one special interest in addition to gastro- 
enterology and 6 listed two additional special 
interests. The most popular other interests were 
neonatal medicine (6), nutrition (4), immunology 
(4), metabolic diseases (3), and infectious disease (3). 
A wide variety of other interests was given—such as 
tropical disorders, haematology, endocrinology, 
oncology, and virology. 


*A report prepared for the Committee on Gastroenterology 
of the Royal College of Physicians, London. 


Membership of societies 


Forty-six respondents are members of the British 
Paediatric Association, 26 of the British Society of 
Gastroenterology, and 16 of the European Society 
for Paediatric Gastroenterology and Nutrition. 


Likely vacancies by retirement 


Most consultants who replied had been appointed 
recently and expected retirement dates, with one 
exception, were between 1991 and 2010 particularly 
between 1997 and 2005. 


Number and aspirations of trainees 


Ten senior registrars, clinical lecturers, or research 
fellows seek posts as consultant paediatricians with 
special interest in gastroenterology, an additional 3 
clinical lecturers seek an academic appointment. 


Conclusions 


(1) There are about 36 consultant paediatricians, 
NHS or academic, who profess to have a special 
interest in paediatric gastroenterology. No NHS con- 
sultant is designated as a full-time paediatric gastro- 
enterologist and at present only one academic title in 
paediatric gastroenterology exists. NHS consultants 
vary as to whether gastroenterological interest is 
incorporated in their job description or is of their 
own making. 

(2) The regions of the country are not well balanced 
—for example, 11 consultants (nearly one-third) are 
in Thames regions and only one is in Wales (Table 1). 
(3) The concept of two special interests is widely 
accepted by consultants but not by many trainees. 
(4) Only one vacancy by retirement is likely in the 
next 10 years. Whether any new posts are to be 
created with a special interest in paediatric gastro- 
enterology is at present unknown. Academic posts 
with this special interest have so far tended to reflect 
the interest of the holder. 

(5) Of the 13 trainees with a special interest in 
gastroenterology, 10 wish to obtain a consultant 
post with this special interest and 3 wish to follow 
an academic career. 


Correspondence to Dr J A Walker-Smith, Queen Elizabeth 
Hospital for Children, Hackney Road, London E2 8PS. 
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Results of selective treatment of spina 
bifida cystica 


Sir, 

I congretulate Lorber and Salfield on their paper? and 
support its underlying humane philosophy and emphasis 
on full Cunselling with the infant’s parents. The paper is 
very timely in the present climate of debate. However, I 
was disappointed in their policy of dissuading parents from 
taking home their infants for whom active management 
was assessed as inappropriate, and in the unconvincing 
reason given—that they would then receive inappropriate 
treatment, including antibiotics, presumably from their 
GP. If, as I believe would be the case, the GP is involved 
during the initial assessment of the infant and the coun- 
selling cf its parents then he should also be involved with 
the plans for subsequent management. Paediatricians are 
beccming more aware that many infants and children with 
incurabe diseases, or who are dying, can be nursed 
lovingly and adequately at home. This is possible when 
parents are fully counselled in the management of existing 
and anteipated problems before the babies are discharged, 
and have well informed support from both the GP and 
his team and the hospital team. Indeed it is likely that the 
family w Il cope and find the experience rewarding and even 
therapeutic in assisting them to come to terms with their 
grief and bereavement. I have experienced the satisfaction 
that a paediatrician also can receive by being actively 
involvec in the home care of an infant with severe spina 
bifida cystica until its death, and found the parents’ 
expression of gratitude that their infant died at home with 
the family extremely moving. In short, we must not 
underes-imate the parents. 
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Professcr Lorber and Dr Salfield comment: 


Parents were given the choice of looking after their child 
at home, or having the child cared for in our hospital or 
in the referring hospital. Very few looked after their baby 
at home but those who did usually found this a rewarding 
experience. However, this was not a policy which we 
encourazed for most families. Many of our patients were 
referred from far away and it would not have been 
feasible to maintain the necessary close contact with the 
general practitioner or repeatedly to discuss the very 
diffieult questions concerned. 

Because of these difficulties, we have known patients 


looked after at home or in other hospitals who received 
‘intensive’ treatment which produced unnecessary and 
prolonged suffering. We have also seen patents, not 
initially referred to us, who were sent home without 
adequate palliative therapy and whose parents com- 
plained of the suffering their child experienced, even 
though the parents and doctors accepted the principle of 
no active treatment. 

It has been our experience that most parents preferred 
their child to be looked after in hospital and were 
grateful for the loving nursing care the child received. 
We feel that this care is usually best provided in a unit in 
which the medical and nursing staff are fully experienced 
and conversant with the problems of looking after 
infants with spina bifida. 


Water supplementation in jaundiced 
babies 


Sir, 

The futile practice of giving jaundiced babies extra 
drinks of plain water or 5% dextrose is firmly ingrained 
in nursery lore, as indeed is the giving of water te newborn 
infants for all manner of mistaken reasons. I was glad to 
see that Mathew and Wharton, describing their investi- 
gation and management of neonatal jauncice,! may 
review their practice of giving extra water. It is not 
surprising that the study they cited? failed to show any 
worthwhile difference in serum bilirubin levels or weight 
loss between babies who received water supplements and 
those who did not. 

The measured concentration of bilirubin m plasma 
must rise in dehydration although the tota! bilirubin 
level remains the same. However, it is a fallacy to believe 
that water alone can correct dehydration. Water is 
rapidly excreted, does not satisfy thirst or hunger except 
momentarily, and serves no useful purpose. Most neonates 
are effectively managed on low sodium diets.* For the 
fluid loss to be made good it is necessary to provide more 
sodium. The simplest way to do this is to give more milk, 
preferably using one of the less drastically sodium- 
reduced formulae. Alternatively, a commercia! dextrose- 
electrolyte mixture such as Dextrolyte (Cow and Gate) 
(3-5 mmol per 100 ml), or a sodium bicarbonete supple- 
ment of 2 mmol/kg a day can be used. Rehwdration is 
desirable so that inappropriate action is not taen on the 
basis of a spuriously raised bilirubin concentration, but 
using ordinary water for the purpose is unph*siological 
and misleading. 
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Device for continuous urine collection 
in the newborn 


Sir, 

I read the detailed description given by Lund et al. with 
great interest. Two years ago, while studying very 
preterm babies, I began to use an almost identical 
system. Since then I have made several modifications which 
have increased its versatility, simplified the changing of 
the slings, and greatly improved its acceptability for use 
with very small and immature subjects (Figure). 

As our nursery is equipped with three different kinds 
of incubator it is inconvenient to use apparatus which 
matches the fittings of only one particular model. I 
therefore designed a Perspex tray, 62 x 33 cm, which 
can replace the mattress in the base of any incubator. 
A double slope was made to keep the apparatus shallow 
(height 7-5 cm) so that the baby remained in the normal 
nursing position within the incubator, and at the same 
time provided a sufficiently steep angle in the base of the 
tray for efficient urine drainage. Each end of the apparatus 
base consisted of a shallow Perspex ‘valley’ which sloped 
from either side at an angle of 15°; the central V was 
3-5 cm below the top of the tray at either end end 
sloped lengthways towards the centre of the apparatus 
at 5°, reaching a drainage tube where the ends met. This 
arrangement gave excellent urine drainage despite the 
fairly shallow lengthways slope, as the urine tended to 
form a small rivulet in the central groove. In any case the 
flow could still be increased by using the incubator base 
tipping mechanisms which were not obstructed. 

The most convenient arrangement was to lead the 
drainage tube out of the incubator through one of the 





Apparatus without sling. 


Figure 


low hood ports and then collect the urine into disposable 
plastic plasma transfer packs. Being expancable these 
bags required no venting, and being outside the incubator 
hood, modifications—such as collecting into a dry ice 
container—were easier and safer to make. 

In response to comments from nurses about the 
awkwardness of fixing the sling with stainless ste2! rods 
we used velcro and this made sling-changing a quicker and 
easier procedure. Two 2 cm strips of the ‘hooked’ side of 
velcro were stuck either side of the tray and 3 strips at 
either end, and each cloth sling had the ‘fur’ side sewn 
along each edge. 

The last modification was to substitute a softer, finer 
material for the 30x 20 threads/inch nylon mesh which 
was used initially; although the nylon was satis-actory for 
the larger more mature babies it was too abrasive against 
the skin of smaller ones, particularly those below 1250 g. 
We now use georgette, a much softer, firer material with 
100 threads/inch which we find allows the rapid passage 
of urine without absorbing any and which retains all but 
the most fluid of stools. Because of its very fine com- 
position the edges of the sling which are stretched over the 
sides of the Perspex need to be reinforced with cotton or 
similar material. Even this material has produced < slight 
soreness over the knees and malleoli on babies of about 
1 kg after 2 or 3 days’ use. 
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Henoch-Schonlein purpura after 
yersiniosis 


Sir, 
Henoch-Schönlein purpura has been associated with many 
infective agents, but I have been unable to find any 
reports connecting it with Yersenia enterocolitica infectior. 

A 54-year-old girl was admitted with a l-we2k history 
of abdominal pain and a 2-day history of tender ankle 
joints and purpuric rash on the legs. On admission 
typical Henoch-Schénlein maculopapular purpuric rash 
was noted on the buttocks and on the extensor surface of 
the legs. The ankle joints were tender and swollen. She 
complained of abdominal pain, and there was blood in 
the stool. Blood pressure and temperature were normal. 
Antibody titre against Y. enterocolitica serotype 3 was 
200 at admission and 50 ten days later. Stool cultu-e was 
negative. IgA was moderately raised and there was slight 
proteinuria. Platelet count, bleeding time, prothrombin, 
C, complement, and barium enema were rormal. 

In the first week after admission she continued to have 
severe abdominal pain and was given predniscne 20 mg 


daiy. When the steroid was stopped 2 weeks later, she 
was well and made an uneventful recovery. However for 
the next 9 months she continued to have slight proteinuria 
and recurrences of typical Henoch-Schénlein purpuric 
rash and abdominal pain. She was well one year later, 
with no proteinuria. 

An important feature in Henoch-Sch6nlein purpura is 
the presence of raised levels of IgA immune complexes? as 
wel. as deposition of IgA in the glomeruli and blood 
vessels of the skin.? In addition to infective agents drugs, 
food, and insect bites have been mentioned as possible 
antigens.’ 

In the present case the clinical pattern of Henoch- 
Sch3nlein purpura was characteristic; the fall in the 
antibody titre against Y. enterocolitica strongly suggests 
recent infection. It is possible that the Henoch-Schonlein 
puroura was caused by Y. enterocolitica. 

I should like to know if others have noticed an 
association between Y. enterocolitica and Henoch- 
SchSnlein purpura. 
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Copper from cooking utensils as a 
cause of Indian childhood cirrhosis ? 


Sir, 

We report 10-month-old monovular twins reared 
separately; one developed Indian childhood cirrhosis 
(ICC) and the other remained healthy. 

The first twin had, since birth, been fed on cows’ milk 
that had been boiled and stored for as long as 6 hours in 
copper utensils. Semi-solids were not offered until age 
10 months by which time clinical examination showed a 
firm smooth liver 5 cm enlarged, splenomegaly of 3 cm, 
but no jaundice, oedema, or ascites. Liver histopathology 
confirmed the diagnosis of ICC. The neutral formalin 
fixed paraffin embedded liver biopsy was stained by 
Shikata’s method! and most hepatocytes contained 
multiple, coarse, and darkish brown orcein staining 
granules representing copper-associated protein. 

The second twin had been breast fed from birth to age 
10 months and then for one month had received cows’ 
milk which had been boiled and stored in steel utensils. 
Clinical examination was normal. 

Serum copper level and urinary copper excretion were 
high in twin 1 with ICC compared with the normal twin 
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Table 1 Biochemical values in twin 1 and twin 2 
Values Twin 1 Twin 2 
Bilirubin (mol/l) 38-5 B-7 
Total proteins (g/l) 67 3 
Albumin (g/l) 34 2) 
Globulin (g/l) 33 3 
Alkaline phosphatase KA/dl 21 16 
AST 1U/1 58 16 
ALT IU /1 90 14 
Hb (g/dl) 9-6 iD.-2 
Serum copper (mol/l) 24-0 5.9 
Urinary copper (umol/24 h) 2-56 9-54 
pestis ieee ee 
Conversion: traditional to SI units—bilirubin: 1 mg/1*0 mlxI17-1 


umol/l; serum copper: 1 pg/100 ml <0: 157 pmol/l; uri ary copper: 
1 pg/24h œ 0-0157 pmol/24 h. 

Serum and urinary copper were determined by an atom absorption 
spectrophotometer. Normal levels at age | year in our laporatory are 
102-6+16-3 pg/100 ml and 28-5+9-3 pg/24 h. 


Table 2 Copper values in cows’ milk when oiled and 
stored in copper and steel utensils 


Copper utensil Steel utensil 





A B E D A B D 





Copper 


(mg/l) 0-39 0-91 2-03 3-04 0-39 0-40 040 0-41 


ŘE 
A =fresh milk sample; B=milk boiled; C=milk stored or 3 hours; 
D = milk stored for 6 hours. 

Copper level in drinking water was 70 ug/l. 


(Table 1). Table 2 shows the high copper content in milk 
boiled and stored in copper utensils used fer twin l 
compared with the milk stored in steel utensil used for 
twin 2. 

We have found levels of serum and hepatic copper to be 
high in ICC.” The source of excessive copper s@ms to be 
copper cooking utensils. A survey of the feeding pattern” 
in ICC showed that milk was boiled and stored in 
copper utensils in 75% cases, in steel utensils in 15%, and 
in aluminium utensils in 9%. We conclude that the 
method of feeding may increase the copper itake and 
cause ICC. 
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Book reviews 


The Damocles Syndrome. Psychosocial 
Consequences of Surviving Childhood 
Cancer. By G P Koocher and J E O’ Malley. 
(Pp. 219; tables. £12-95 hardback.) 
McGraw Hill: New York. 1981. 


This is about the psychosocial effects in 
the long-term survivors of childhood 
cancer and their families. It is an important 
book which anyone working on the 
psychosocial aspects of life-threatening 
disorders, either in research or service, 
needs to have. Those working pre- 
dominantly on physical aspects of care 
should have access to it; they need read no 
further. 

The two chief authors are psychologist 
and psychiatrist members of a team of 
workers at the Sydney Farber Cancer 
Institute and the Children’s Hospital 
Medical Center in Boston. Several Papers 
on the psychological aspects of childhood 
cancer have emanated from the team 
during the last few years and now in this 
book they detail and summarise the issues 
as well as their own 5-year exploration of 
the quality of life and adaptation of the 
survivors of childhood malignancy. 

The book is mainly a report of the 
follow-up study of 117 young people no 
longer on treatment for cancer. Multiple 
measures were used and a comprehensive 
view obtained. The form of presentation 
is a successful mixture of tabulated 
survey findings, descriptive accounts of 
the responses of the €x-patients, parents, 
and siblings, and commentary by the 
authors and their colleagues. Altogether 
this is an absorbing and optimistic 
account. 

As in all studies of this type there are 
problems—for example with the age- 
range of the patients at diagnosis (0-18 
years), time since end of treatment (mean 
12-2 years), and age when seen for the 
study (5-6-37 years). However, the 
authors point out these difficulties and 
they also deal honestly with the problems 
they had in establishing a control or 
comparison group. 

This is not a scientific milestone with an 
implication of a semi-permanent marking 
of the path of progress; it could be 
described as a well-executed map that 
should serve the clinical traveller and his 
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research companion well—open to revision 
and correction by them in the light of 
experience. 

ROY HOWARTH 


Language Assessment for Remediation. 
By D J Müller, S M Munro, and C Code. 
(Pp. 169; illustrated + tables. £11-95 
hardback, £6-50 paperback.) Croom 
Helm: London. 1981. 


This has been written by lecturers at a 
school of speech therapy primarily as a 
core textbook for students of this dis- 
cipline. Essentially the book summarises 
and criticises the test procedures available 
for the assessment of the many different 
aspects of language. The summaries are 
clear, concise, and factually sound; the 
sequence and grouping for presentation 
are logical. Each test description is 
followed by a discussion of its value in 
diagnosis. 

The main aim of the book, as suggested 
by the title and clearly stated in the first 
chapter, is to stress the importance of 
assessment in providing a basis for 
therapeutic intervention. Unfortunately 
the authors then state that the early test 
descriptions do not provide a useful basis 
for remediation; this is disappointing for 
the reader interested in such application. 
Happily this is remedied in later sections 
dealing with the Reynell Developmental 
Language Scales in conjunction with the 
Wolfson assessment procedure and the 
LARSP procedure, etc. 

Neither the title nor the preface focuses 
the reader’s attention on the scope of the 
book relative to the age of the patient. 
Nevertheless, the single chapter on 
techniques applicable to adults comes as a 
surprise in the second half. The density of 
facts in this chapter is even greater than in 
its predecessors, which necessitates re- 
reading an uncomfortably large numter of 
paragraphs in transit. 

The book summarises and clearly puts 
forward new ideas and evidence con- 
cerning childhood bilingualism. The last 
two chapters deal with the application of 
behavioural techniques and discuss such 
issues as the involvement of parents and 
friends in therapy, and the adaptation of 
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therapy to the patient’s own environmen 
The argument is very theoretical an 
would have been improved by a fev 
examples from practice. 

The result is a concise, if somewhat dry 
textbook which succeeds in its aim c 
presenting facts concerning current assess 
ment techniques and their application, o 
lack of it, to therapy. Referencing ï 
comprehensive and accurate: therefore th 
book will be of value to teachers o 
researchers in related fields. m 


PATRICIA M SONKSEM 


Neonatal Neurology. Edited by M Coleman, 
(Pp. 417 including index; illustrated + 
tables. £43-50 hardback.) University 
Park Press: Baltimore. 1981. 


This is one of three recent books on this 
subject, each of which reflects the author’s 
bias. In this one emphasis is placed on 
diagnosis through dysmorphic features: 
these, including a potpourri of ‘other 
syndromes’ and a rather full discussion of 
chromosomal! disorders, occupy 82 pages. 
More common disorders, such as perinatal 
infections (10 pages), spina bifida ( 
pages), hydrocephalus (6 pages), hypoxic/ 
ischaemic injuries (2 pages), and intra- 
cranial haemorrhage (2 pages) are treated 
more superficially. Therefore one does not 
get a feel for the relevant questions 
concerning management decisions or 
prevention of these common conditions. 
The chapter on neuroradiology (74 pages) 
covers most aspects. 

The layout is strange; the technique of 
the neurological examination (which 
focuses particularly on looking at and 
measuring the child) is separated from the 
relevance of its interpretation, and further 
on there are other chapters on separate 
neurological topics. Inevitably there is 
repetition—for example, the chapter on 
problems of tone and weakness overlaps 
that on motor unit disorders. 

This book presents a one-sided view of 
neonatal neurology and neither the tex% 
nor the price compares favourably with 
Volpe’s Neurology of the Newborn, or 
Fenichel’s Neonatal Neurology. 


R O ROBINSON 





if a mother can’t breastfeed 
Milupa now offer 
two granulated formulae 


me 




















Everyone agrees that breastfeeding gives a 
baby the best start in life, but when 
breastfeeding is not chosen or is not 
possible Aptamil or Milumil can be used 
with confidence. They meet the latest DHSS 
| recommendations for the compositior of 

| infant formulae and are granulated fo- easy 
mixing and measuring. Aptamil and Nilumil 
Milumil — easy to mix and satietyina | are available from your local chemist. 











Aptamil-for use from birth onwards 


New Aptamil Milumil For further details please contact Dep. ADC 4/82 
—a fully adapted baby milk -a modern modified baby Milupa Limited, Milupa House, 

formula that may be milk that is particularly Hercies Road, Hillingdon, Middx. UB-0 9NA 
preferred for the newborn suitable when baby needs 


infant where breastfeedingis a more satisfying milk 


sae: R) 
not chosen or isn't possible. food. & : 
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Editorial 
An editor departs 


Roger Robinson joined Douglas Gairdner as 
co-editor of the Archives of Disease in Childhood in 
1969. This month he has retired from office. During 
the 13 intervening years both the Archives and he have 
undergone much change. In 1969 the journal was 
published 6 times a year; now it appears 12 times 
and the number of papers submitted (together 
with the work they generate) has more than doubled. 
Similarly, the circulation has increased throughout 
the world. 





Roger Robinson in 1981 surrounded at home by bound 
volumes of his journal. 


While guiding the journal through this expansion 
Roger Robinson has had to contend with increasing 
commitments in his own professional life. When first 
appointed editor he was senior lecturer and 
consultant paediatrician at the Institute of Child 
Health at Hammersmith Hospital and was gaining 
international renown for his work in developmental 
neurology. Promotion to the foundation Chair of 
Paediatrics at Guy’s Hospital Medical School 
brought its own increased work and Roger 
Robinson’s qualities caused him to be sought after 
and engaged by many national organisations. Yet, 


despite these extensive pressures and a very long 
working day his prime commitment to the Archives 
has never been eroded or in doubt. He is a working 
example of the paradox that if you want a job done 
well you should give it to someone who is extremely 
busy (because that person is likely to have the 
organisational ability and drive to fulfil the task). 

Anyone who has met Roger Robinson will have 
appreciated quickly his intelligence, his wide 
ranging medical knowledge, and his memory. 
Those who know him better will have admired his 
enquiring mind and his great ability to identify the 
nub of any question, whether it be the evaluation of a 
new idea, a business matter, a scientific problem, or a 
letter of complaint. They will have also heard him 
expressing himself cogently and persuasively for the 
benefit of paediatrics. These qualities may sound 
cool, intellectual, and overpowering particularly in 
someone who, at first meeting, seems rather diffident. 
But those who have worked closely with him whether 
it be in a clinical, research, educational, or admini- 
strative setting have been able to enjoy and admire 
the fuller man. The delight is that the confidence he 
has in his own capacities leaves him without the 
need for bravura of any sort and his understanding 
of the problems of others leaves him both a confident 
yet humble person. It takes time to discover some of 
his varied facets and the pleasure of being with him 
is the way in which they emerge with neither false 
modesty nor exaggeration but just as unsurprising 
matters of fact. (But then, for an ex-captain of the 
boat club who took Baliol to the Head of the River, 
I suppose nothing else could be really surprising 
again.) 

Most editorial work is done at home, and despite 
the great value of editorial boards and referees, it is a 
lonely task. I looked forward to the regular meetings 
with my senior editor not just because of the relief of 
sharing problems and discussing ideas but because 
of the enjoyment of working with and getting to 
know a distinguished and delightful friend. 

Valedictions can sound like obituaries. This one 
should be happy for all except me because Roger 
Robinson is in the middle of his professional career 
and his qualities will ensure that he continues to be 
used to the full for the benefit of paediatrics. 
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Annotation 


Acute otitis media—then and now 


Opinion about acute otitis media has changed during 
the last 50 years, and so has its nature. In the early 
1930s paediatricians were encouraged to incise ear 
drums if the drum was red and bulging. There were 
three main reasons for this. Firstly, it was the only 
treatment they had; secondly, it prevented acute 
mastoiditis and its complications; thirdly, parenteral 
infection was thought to be a major cause of 
gastroenteritis which in those days killed thousands 
of babies while the methods of the day exposed no 
pathogens in the stools. The operation of 
myringotomy (at least in my experience) seldom 
released pus; sometimes there was a drop of clear 
fluid but often nothing but a trace of blood. No 
anaesthetic was used. Incisions healed quickly. 

Towards the end of the 1930s sulphanilamide and 
sulphapyridine came into use and put paid to 
paediatric paracentesis. The familiar ‘acute mastoid’ 
operation disappeared for it was no longer needed. 
At the same time erysipelas and Sydenham’s chorea 
practically vanished, rheumatic fever declined, and 
staphylococci replaced streptococci in postoperative 
wounds. Chronic and recurrent otorrhoea diminished 
and the ENT surgeon was given better fields to 
plough, although subacute or chronic otitis without 
perforation seemed to become more common. 
However it had always been present and was 
regarded as a major cause of deafness especially in 
the USA where removal of adenoids was supple- 
mented by a campaign for radium treatment of other 
pharyngeal lymphoid tissue. 

Another phase opened as penicillin and other 
antibiotics further improved the outlook from 1945 
onwards. Paediatricians and general practitioners 
initiated treatment and many otologists approved, 
saying something like: ‘The treatment of acute otitis 
media in children is penicillin by injection. If this is 
not successful after 3 days, call me in.” Myringotomy 
thus passed into more competent hands and was 
reserved for complicated cases. 

There has been no great change in this policy for 
more than 30 years although the nature of the illness 
may have altered, but so too has the nature of 
other illness changed—such as infection in surgical 
wards. However infection of ears remains much less 
threatening than it used to be. An ‘acute ear’ may be 
painful but it is not going to cause a fatal complica- 
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tion. More attention is given to the ‘glue ear’ which 
may in some instances follow suppression of acute 
inflammation by antibiotics. Irradiation of the 
nasopharynx never caught on in Britain although the 
Ministry of Health made facilities available to 
surgeons who asked for them. Curettage of adenoids 
continued to be impressively successful in some 
children but the day of the grommet had dawned. 

Children still get acute attacks with fever and if 
they are old enough complain of pain in the ears, but 
in some of them and in the babies diagnosis rests on 
seeing a red tympanic membrane. Sometimes one is 
wrong; it is easy to make a mistake at night with an 
anxious mother trying to hold her crying baby’s 
head still enough for an unsure doctor to see what lies 
beyond the tip of the smallest speculum. There is 
little light at the end of that tunnel. What seems to be 
an inflamed ear in the evening may look healthy 
the next morning. Does crying cause suffusion of the 
drum as well as of the eyes? I think so. Does the 
drum like the cheek flush with fever? Probably. A 
crescent of erythema along the lower edge of the 
membrane is common but not important; a pink 
segment generally fades away rather than growing 
to affect the entire membrane. Bulging is not usually 
seen. Previous inflammation may have made the 
membrane opaque so that it will take an otologist to 
detect concealed pus. 

Where does this put the general practitioner or the 
hospital resident who believes that he is dealing with 
real otitis and not just a pink drum? In Holland an 
ENT surgeon, a general practitioner, and a 
Statistician have tried to answer.! Their work is 
careful and their report convincing, although it is a 
pity that they did not name the antibiotics that were 
used, and that they excluded children younger than 
2 years. To ask for microbiology as well would be to 
demand a luxury. 

Children aged between 2 and 12 years with acute 
otitis media, seen by 12 general practitioners from 
January to May 1979 or from October to March 
1980 were referred to an otolaryngologist in Tilberg, 
and treated by one of 4 regimens: myringotomy only, 
antibiotics only, both, or neither. Symptomatic 
treatment was used in all groups. Results—for 
example pain, discharge, number of analgesic sup- 
positories used, temperature—were recorded by 


general practitioners who did not inspect the ear 
drums. After 1 and 2 months and again after 1 and 2 
(?) years the otologist (who did not know which 
treatment had been used) inspected the drums and 
recorded audiograms in children who were old 
enough. 

Statistically considered there was no difference in 
outcome between the groups. Pain went quickly even 
when symptomatic treatment alone was used. There 
were minor differences but it was concluded that 
acute otitis in children could be treated with nose 
drops and analgesics only, reserving antibiotics and 
myringotomy for cases in which the otitis ran an 
irregular course or in which ear discharge continued 
for 14 days. 

Ought we to adopt this line? To take the last first, 
I would not want to leave a discharging ear for 
14 days without the help of a bacteriologist and an 
ENT surgeon. The major conclusion, that neither 
antibiotics nor surgery does appreciable good, must 
be accepted and should remind us of John Fry’s 
similar findings published more than 20 years ago. 
The same conclusion should not be applied auto- 
matically in countries with poor hygiene and under- 
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nutrition, often associated with a shertage of 
antibiotics and a dearth of otolaryngologists. 

Some illusions about otitis have faded during the 
last 5O years, but how old-fashioned it seems to fall 
back on symptomatic treatment. Can that too be 
improved ? In the interests of the doctor who used to 
want to see the inflamed drum more than once we 
have done away with dropping warm oil into the 
external meatus. Some nasal decongestants used in 
adults are painfully powerful in children but we do 
know that ephedrine 0-5% in physiological saline 
does not impair ciliary action; its effect may not last 
a full 4 hours. As analgesic, paracetamol is popular 
but do we really know that it is the best pain-killer 
for otitis ? Different pains require different remedies. 
Close observation might tell us. 
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Outcome of treatment for neonates referred to a 
supraregional cardiac centre 1976-78 


D F DICKINSON, R ARNOLD, AND J L WILKINSON 


Royal Liverpool Children’s Hospital, Liverpool 


SUMMARY The clinical course and outcome of treatment for 322 consecutive neonates referred 
to a supraregional paediatric cardiac unit are reviewed. Two hundred and forty-eight (77%) had 
structural congenital cardiac defects. The remaining 74 (23%) presented with arrhythmia, non- 
structural cardiorespiratory problems, or problems unrelated to the cardiovascular cr respiratory 
system. Transposition of the great arteries and ccarctation of the aorta were associatec with a good 
prognosis. Infants with cyanotic cardiac defects associated with a low pulmonary blood flow who 
required early palliation were found to have a poorer outlook. 


The mortality rate among infants with congenital 
heart disease presenting within the first month of life 
has fallen during the last two decades partly as a 
result of early referral to specialised units? and 
partly owing to improved surgical management in 
which primary repair is replacing conventional 
palliative procedures.2? We review the results of 
treatment for all neonates referred to a supraregional 
paediatric cardiothoracic unit during a recent 3-year 
period. 


Patients and methods 


Between January 1976 and December 1978, 1757 
new patients were seen in the cardiac unit of the 
Royal Liverpool! Children’s Hospital. Three hundred 
and twenty-two (18-3 %) patients were younger than 
1 month at the time of their first attendance. All were 
referred because of the presence, or suspicion, of 
congenital heart disease or arrhythmia. Their case 
records were reviewed to determine the diagnosis, 
clinical course, and current condition. 

Patients were grouped according to the diagnosis 
established by necropsy, cardiac catheterisation or 
surgery, or clinical assessment (Table 1). Any 
patient with nonstructural cardiorespiratory 
problems or primary pulmonary disease was 
generally discharged to his referring unit after 
treatment. The duration of follow-up, of these 
patients ranged from one week to 50 months (mean 
10 months). Surviving patients with structural 
cardiac defects were followed up in this unit and only 
2 have been lost to follow-up. The duration of 
follow-up ranged from 8 to 58 (mean 32) months. 
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Table 1 Diagnostic groups and type of diagnosis in 
322 neonates 














Clinical Catheter Necropsy Total 
or surgery 

No (%) No (% No (%) 
Structural 
cardiac defect 28 (11) 154 (62) 66 (27) 248 
Nonstroctural 
cardiorespiratory 
problem 34 (68) 10 (20) 6 (12) s9 
Arrhythmia 10 (31) I 9% 0 if 
Noncardio- 


respiratory problem 9 (69) 3 (23) 1 (8) 13 


Results 


Age at first attendance. Sixty-two (19%) inctants 
presented on the first day of life, with cyanosis as the 
most common reason for referral (43 patients). 
Transposition of the great arteries (19 patients) and 
pulmonary atresia (6 patients) were the most 
common structural cardiac defects seen at this age. 
Twenty-three (37%) infants presenting on the first 
day of life had structurally normal hearts. The 
reasons for referral are shown in Table 2. 


Investigation. Two hundred and eighty-eight patients 
were admitted during the first month of life and 34 
were reviewed as outpatients. Inpatients were 
investigated using chest x-ray films, electrocardio- 
graphy, blood gas analysis including hyperoxic test, 
and M-mode echocardiography. Two hundred and 
thirty-one have been investigated by cardiac 
catheterisation, with 199 (86%) having their initial 
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Table 2 Diagnosis in 23 infants with no evidence of 
structural congenital heart disease who presented 
within 24 hours of birth 


Diagnosis 








Predomimant cyanosis 

Arrhythmia 

Predominant tachypnoea 

Septicaemia 

Predominant congestive heart failure with ST change 
Myopathy 

Ascites 

Trisomy E 
eee 


— mm KW Ww BOO 


catheter study during the first month of life (Table 3): 
Eighty-four (42%) of the infants catheterised at this 
age were investigated on the day of admission and a 
further 63 (32%) were investigated the next day. 

Thirteen infants died within 24 hours of cardiac 
catheterisation (Table 3). All were younger than 
3 weeks and each was critically ill at the start of the 
study. Eleven had major inoperable defects and 
active resuscitation was not attempted. One infant 
with simple transposition died of coliform septi- 
caemia and one infant with persistent fetal circulation 
secondary to birth asphyxia died despite treatment. 
Although cardiac  catheterisation undoubtedly 
hastened the death of some, no infant died directly as 
a result of complications occurring during the 
investigation. 


Structural cardiac defect. Table 4 summarises the 
final diagnosis for the 248 patients with structural 
congenital heart disease; their clinical course is 
shown in Fig. 1. 

Fifty-six (23%) patients are alive without 
operation. Thirty-two have minor anomalies and 
23 have defects for which operation later in child- 


Inoperable 
detect, died 
29 (12 °/%) 


Lost to 
follow-up 
2(1°%/e) 





Primary 
repair 
74(17*) 






Suitable for 





repair 
172 (69°) 


Minor detect 
34 (14 "/e) 


Suitable for 
palliation only 
11 (4%) 





Initial 
palliation 
57 












Unrelated 
death 
12 









*Inctudes 4 deaths from causes unrelated to the operation 


Fig. 1 





















Clinical course of 248 neonates with structural cardiac defects. Division into groups is m 
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hood may be necessary. One child with Down’s 
syndrome and an atrioventricular canal defect has 
pulmonary vascular disease and is inoperable. 

One hundred and forty-three (57%) patients have 
had operations (including one of the 2 patients lost 
to follow-up) and 94 (66%) were alive at the time of 
review. The age at the time of the first operation is 
shown in Table 5. Sixty-six (46%) had their initial 
operation as neonates. Forty-four operations were 
performed within 60 hours of admission to this 
hospital. Twenty-seven patients had more than one 


Table 3 Age at initial cardiac catheterisation 


< 2to7 8daysto > No catheter 
I day days 1month 1 month study 
a 
Structural 
cardiac defect 19 84 (7) 82 (5) 32 31 
Other 3 4(1) 7 0 60 


ae 
Figures in parentheses indicate the number of patients who died 
within 24 hours of the catheter study. 


Table 4 Diagnostic categories in 248 infants with 
structural congenital heart disease 


Transposition of great arteries 47 
Ventricular septal defect 44 
Coarctation of aorta 33 
Tetralogy of Fallot* 20 
Hypoplastic right heart syndromet 16 
Hypoplastic left heart syndrome 13 
Pulmonary stenosis 12 
Visceral heterotaxia 10 
Aortic arch interruption 9 
Patent ductus arteriosus 6 
Miscellaneous 38 


*Includes 5 patients with pulmonary atresia with a ventricular septal 
defect. 

+Includes 7 patients with tricuspid atresia, and 9 patients with 
pulmonary atresia and intact ventricular septum. 


Alive, no 


surgery yet 
24 


Died, 
no surgery 
T 


Alive after 
repair 
67 


Palliated 
awaiting repair 
20 












Alive, no 
surgery needed 
Died atter 32 
palliation 
30 Survivor 





after palliation 
7 


ade solely on the basis of 


anatomical and haemodynamic criteria. Figures in brackets, excluding percentages, show number of deaths after operation. 
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Table 5 Age at initial operative procedure in 143 
patients who underwent surgical treatment 
$e 
l month- >l year Total 
/ year 


<1 week 8 days- 
1 month 











No (%) No (%) No (%) No (%) 
a 





Bypass operation 4 (8) 5 (10) 23 (44) 20 (38) 52 
Non-bypass 
operation IS (17) 42 (46) 30 (33) 4 (4) 91 


Operation each, and the total number of operations 
performed to the present time is 172. 

Forty-eight (19 %) patients died without operation. 
Twenty-nine were considered unsuitable for surgery, 
including 12 patients with hypoplastic left heart 
syndrome, 4 with coarctation, hypoplasia of the 
aortic arch, and complex intracardiac malformations, 
6 with asplenia syndrome, and 2 with aortic arch 
interruption. 

Twelve patients died for reasons unrelated to the 
cardiac malformation but only 2 had minor defects. 
The remaining 10 would have required operation had 
they survived. The principal causes of death were 
septicaemia (4 cases) and cerebral damage secondary 
to perinatal asphyxia (3 cases). Six patients died 
suddenly at home having been well when last seen. 
All had potentially operable defects. Permission for 
surgery was refused for one infant with pulmonary 
atresia and intact ventricular septum. 

Transposition of the great arteries (47 cases) was 
the most common defect. Twenty-four patients had 
‘simple’ transposition and 23 had transposition with 
additional defects. The actuarial survival at age 3 
years for all cases of transposition was 80%. 
Mortality was concentrated in the first month of life 
often from non-cardiac causes including 2 who died 
from septicaemia and one who died of an intra- 
cranial haemorrhage after perinatal asphyxia. 
Thirty-four children have undergone Mustard’s 
Operation (with 2 deaths), one child has had a 
successful arterial switch, and 6 children with 
complex transposition have had palliative pro- 
cedures (with 3 deaths). Two children with complex 
transposition are alive without operation but will 
require elective surgery later, 

Forty-four infants had a ventricular septal defect 
(VSD) as the main cardiac defect. Thirty presented 
with congestive cardiac failure and 14 were referred 
because of the presence of a murmur. In 2 cases the 
presenting symptoms were the result of transient 
myocardial dysfunction rather than the VSD which 
was small. Twenty-six are regarded as having small 
isolated VSDs, and in 11 spontaneous closure has 
taken place. Ten patients have undergone closure of 
the defect, as a primary procedure in 8 cases and 
after banding of the pulmonary artery in two Four. 


patients will need surgery in the future, one whose 
pulmonary artery was banded in infancy, and 3 who 
also have significant pulmonary stenosis. There were 
2 deaths in infancy for reasons unrelated to the 
cardiac defect and one sudden death at age 5 months 
in a patient with a large VSD. One infant, known to 
have a moderately large VSD and pulmonary 
hypertension, has moved from the Liverpool area 
and his current condition is unknown. 

Of the 33 patients with coarctation of the aorta, 
13 had isolated lesions and 20 had additional 
intracardiac malformations. Two patients with 
simple coarctation died, one from necrotising 
enterocolitis before operation and one of acute 
appendicitis 2 days after repair of the coarctation. 
Six patients with complex coarctation died after the 
initial Operation, and surgical treatment was not 
offered to 4 infants with coarctation, hypoplasia of 
the aortic arch, and complex intracardiac defects. 
The actuarial probability of survival for all patients 
with coarctation of the aorta at age 3 years is 64°. 
There have been no late deaths in this group but one 
patient has been lost to follow-up. 

Fifteen patients have tetralogy of Fallot but only 
10 presented with cyanosis, the remaining 5 pre- 
senting because of the presence of a murmur. Eleven 
are alive: 3 after repair, 5 after palliation, and 3 who 
have not yet required any operation. All 5 patients 
with pulmonary atresia and VSDs died, although one 
death, of meningitis at age 10 days, was unrelated to 
the presence of the cardiac defect. Pulmonary 
atresia with intact ventricular septum was present in 
9 patients. An infusion of prostaglandin E, was used 
to maintain patency of the ductus arteriosus and 8 
underwent aorticopulmonary anastomosis in the 
neonatal period. Only 3 remain alive, one after a 
second shunt and 2 after right ventricular outflow 
reconstruction. 

Twenty patients with cyanotic congenital cardiac 
lesions associated with reduced pulmonary blood 
flow underwent palliative aorticopulmonary 
anastomosis within the first month of life. Sixteen 
had either tetralogy of Fallot. pulmonary atresia 
with VSD, or hypoplastic right heart syndrome. 
Four had more complex defects. Ten (50%) have 


AO 


died and an actuarial survival curve is shown (Fig. 2). 


Nonstructural cardiorespiratory problems. The 50 
patients with nonstructural cardiorespiratory prob- 
lems were grouped according to the main problem at 
the time of first attendance. Twenty-six patients were 
referred because of the presence of cyanosis, and 
4 died. In 18 cyanotic congenital heart disease was 
excluded by clinical examination and non-invasive 
investigation. Eight underwent cardiac catheteri- 
sation to exclude structural cardiac defects because 
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% survival 





(months) 


Fig. 2. Actuarial analysis of survival for 20 neonates 
undergoing aorticopulmonary anastomosis. Complication 
refers only to specific complications which would 
increase substantially the technical difficulty of further 
surgery. Figures in brackets indicate the number of 
patients alive at 12, 24, and 36 months of age. 


of cyanosis persisting despite the administration of 
high oxygen concentrations. Thirteen patients each 
had a history of perinatal asphyxia, 5 were preterm, 
and 3 were delivered by caesarean section. 

Fourteen were referred because of persistent 
tachpnoea. One was shown to have congenital lobar 
emphysema and a second had a mediastinal cyst 
compressing the right bronchus. Cardiac catheteri- 
sation was performed in one neonate with primary 
pulmonary hypertension. This infant died 2 months 
later. Four of the remaining 11 neonates were 
delivered by caesarean section, 2 had a history of 
perinatal asphyxia, and one was preterm. Two of 
these patients died. 

Ten neonates presented with congestive cardiac 
failure and ST- and T-wave changes on the electro- 
cardiogram. Eight had features consistent with a 
diagnosis of transient myocardial ischaemia.* All 
recovered after treatment. The 2 remaining patients, 
both of whom underwent cardiac catheterisation, 
have primary myocardial disease. 


Arrhythmia. Four of the 11 patients referred because 
of the presence of an arrhythmia had only isolated 
ectopic beats. Seven presented in congestive cardiac 
failure with a supraventricular tachycardia. All 
needed treatment, including one who required the 
insertion of a temporary transvenous pacemaker wire 
for overdrive ventricular pacing. At their most 
recent review, all were symptom free. 


Noncardiorespiratory problem. Thirteen (4%) 
neonates had problems unrelated to the cardio- 
vascular or respiratory system. Three seen on the 
first day of life were found to have septicaemia and 
died despite treatment. All presented with circulatory 
failure, hypotension, and cyanosis, and 2 had a 
history of prolonged rupture of membranes before 
delivery. One neonate with ascites died within 24 
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hours of admission and despite examination at 
necropsy no clear diagnosis was established. A 
cerebral arteriovenous malformation was demon- 
strated by cardiac catheterisation in one patient, and 
the remaining patients had innocent systolic 
murmurs. 


Discussion 


Neonates presenting with congenital heart disease 
are more likely to have a severe and perhaps un- 
treatable malformation than patients presenting later 
in childhood, and the mortality is correspondingly 
high. Many will have other congenital anomalies or 
perinatal problems which influence survival. Never - 
theless, during the last 10 to 15 years the mortality 
has fallen considerably. This change may be attri- 
buted to the earlier recognition and referral of these 
patients and to specific improvements in surgical 
technique. However, a number of important 
problems remain. Twenty-nine (12%) of our patients 
were not regarded as suitable for surgical treatment. 
Most had either the hypoplastic left heart syndrome 
or visceral heterotaxia (asplenia syndrome), and 
complex cardiac anomalies. Although attempts have 
been made to palliate these infants we do not 
believe that the results of palliation or the long-term 
prospects for correction justify surgical intervention 
in the neonatal period. A few patients (Fig. 1) were 
offered palliative surgery in infancy even though the 
prospects for eventual repair seemed remote. 

The majority of patients underwent repair as a 
primary procedure (or are awaiting primary repair 
electively later in childhood), but a significant 
proportion (Fig. 1) had a preliminary palliative 
procedure. Most had defects for which definitive 
surgery in infancy is not yet possible, but in particular 
circumstances some patients who might have under- 
gone primary repair were submitted to initial 
palliation. Three infants, each with a VSD and 
weighing less than 3-5 kg, underwent banding of the 
pulmonary artery, and 5 patients with tetralogy of 
Fallot had an aorticopulmonary anastomosis. Recent 
surgical practice with regard to symptomatic infants 
with tetralogy of Fallot has varied considerably.® 7 
We have followed a selective policy,® reserving 
primary correction for cases with favourable 
anatomy but preferring palliative aorticopulmonary 
anastomosis to promote growth of hypoplastic 
pulmonary arteries. C onventional aorticopulmonary 
anastomosis in neonates is technically difficult and is 
associated with significant problems.’ The survival 
curve for our patients who underwent aortico- 
pulmonary anastomosis at this age (Fig. 2) shows a 
cumulative mortality associated with failure of the 
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shunt to provide adequate palliation. Two survivors 
have complications that will increase the hazards 
of further surgery. In view of this experience, other 
procedures have been adopted and are currently 
under assessment. For patients with tetralogy ol 
Fallot, open infundibulectomy with transannular 
patching’” offers some advantage in avoiding 
distortion of the pulmonary artery branches. In the 
case of patients in whom the pulmonary blood flow is 
dependent on patency of the ductus arteriosus. 
treatment with oral prostaglandin may be used to 
maintain an adequate pulmonary blood flow for a 
period of weeks or even months." Surgical treatment, 
whether conventional palliation or primary repair, 
can then be performed in a larger patient with a 
greater chance of success. 

For some defects, notably transposition of the 
great arteries and coarctation of the aorta, the 
prospects for survival among patients presenting as 
neonates are now good, in marked contrast to the 
results achieved before 1970.!2 Rowe and Vlad!2 
showed an improvement in prognosis for patients 
with transposition dating from the late 1960s after 
the development of balloon atrial septostomy and 
Mustard’s operation. For infants with coarctation of 
the aorta, they!” were unable to record any significant 
improvement in outlook among patients seen 
between 1948 and 1968. Similarly the report of the 
New England Regional Infant Cardiac Program! 
concluded that little progress in the management of 
this lesion had been made between 1969 and 1974. 
It is not possible to compare our results with the 
New England data because the age range was 
different and the fact that we included patients with 
additional complex intracardiac anomalies within 
the coarctation group. The probability of survival at 
age 3 years for all our patients with coarctation is 
64%. If the patients with complex additional 
problems are excluded (but retaining patients with 
ventricular septal defect and aortic or mitral valve 
lesions) the probability of survival to 3 years of age 
becomes 81%. This may be compared with a crude 
first year mortality of 47°% calculated from the New 
England data! for a group of patients with com- 
parable defects seen during the period 1969 to 1974. 
Some of this improvement may be related to the 
effective relief of the coarctation obtained by using 
the left subclavian flap aortoplasty.!* However, 18 yA 
of the patients in the New England study died before 
surgery. Only one of our patients who was con- 
sidered operable died without operation, and it is 
probable that the early referral of infants for 
investigation and treatment has contributed 
appreciably to the results achieved. 

Our present results show a similar trend for 
infants with tetralogy of Fallot, hypoplastic right 


heart syndrome, and some defects within the 
miscellaneous category of Table 4. Although there 
are only 4 infants with total anomalous pulmonary 
venous return, all survived and the improvement in 
outlook for this defect which has taken place during 
the last 10 years has been particularly gratifying in 
view of the excellent long-term prognosis after 
successful surgery.!4 

Only 6 patients with an isolated patent ductus 
arteriosus were seen. This contrasts with the experi- 
ence in Toronto reported by Izukawa and colleagues.® 
Since 1978 the number of preterm infants with a 
patent ductus arteriosus referred to the Royal 
Liverpool Children’s Hospital has increased but still 
does not approach the frequency with which these 
cases are seen in Toronto. This difference probably is 
related to the close relationship between the cardiac 
unit and the tertiary care perinatal unit in Toronto. 
In such circumstances a large number of low 
birthweight infants with signs of a patient ductus 
arteriosus will be seen for assessment and possible 
treatment whereas in Liverpool only those infants 
likely to require operation appear to have been 
referred. Several infants with unequivocal evidence 
of a patent ductus were grouped as non-structural 
cardiorespiratory problems, since the presence of the 
ductus was an incidental finding during the course of 
the illness and specific treatment was unnecessary. 

Several authors have stressed the importance of 
early referral of infants with congenital heart disease 
if salvage of all potentially treatable cases is to be 
achieved. However, a number of newborn infants 
develop signs and symptoms which mimic the 
presence of major congenital cardiac defects‘ 15 16 
and the referral of some of these infants to specialised 
centres appears to be inevitable since differentiation 
from structural congenital heart disease may be 
difficult. These infants now make a significant 
contribution to the work load of many centres.!7 
Many infants in this group have suffered perinatal 
asphyxia or have been delivered by caesarean section. 
A history of this kind should alert the physician to 
the possibility of a transient problem but it is not 
sufficient in itself to exclude the presence of a major 
cardiac defect. In several neonates who presented 
with cyanosis we were able to exclude cyanotic 
congenital heart disease by the response of the baby 
to breathing a high ambient oxygen concentration 
and we would stress the value of this simple test?’ in 
differentiating cyanotic congenital heart disease from 
other causes of cyanosis. During the period covered 
by this report 13 (17%) patients with nonstructural 
cardiorespiratory problems underwent cardiac 
catheterisation to exclude a structural defect. Two- 
dimensional echocardiography offers a safe, non- 
invasive, and reliable means of determining cardiac 
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anatomy in the newborn period” and it is thought 
that very few of these neonates would now be 
subjected to cardiac catheterisation solely to exclude 
a structural defect. 

With early referral and prompt and accurate 
diagnosis and treatment, a high proportion of 
neonates with congenital cardiac defects will survive. 
This is particularly true of patients with transposition, 
coarctation, total anomalous pulmonary venous 
return and, to a lesser extent, Fallot’s tetralogy. 
Although we have not, in this paper, attempted to 
assess morbidity among survivors, we are aware of 
some who have a significant handicap. There is 
evidence to show that open heart surgery can be 
performed safely in infancy and that residual handi- 
caps are often related to events occurring before 
operation.2° For maximal salvage of infants with 
congenital heart disease to be achieved with minimal 
morbidity, close co-operation between paediatrician 
and paediatric cardiologist is essential. A consider- 
able part of the work load of a supraregional 
paediatric cardiac centre is concerned with the care 
of critically ill neonates, many of whom will have 
major problems outside the cardiovascular system. 
In view of these facts it is clear that a supraregional 
paediatric cardiac unit should have the expertise to 
deal not only with the cardiac defects but also with 
the wide range of neonatal problems which such 
patients may develop. The support of specialist 
anaesthetic and ancilliary services is essential and 
unless such skills are available at all times optimal 
results will not be obtained. 


We thank the many colleagues who care for the 
infants, and Mr D I Hamilton who was responsible 
for surgical treatment. 
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Outcome for newborn babies declined admission to a 
regional neonatal intensive care unit 


D G SIMS, J WYNN, AND M L CHISWICK 


North-Western Regional Perinatal C entre, Neonatal Medical Unit, St Mary's Hospital, Manchester 


SUMMARY Between July 1979 and June 1980 the regional neonatal intensive care unit (NICU) at 
St Mary’s Hospital, Manchester, received 170 requests from maternity units for the transfer of 
ill newborn babies. Most of the babies were suffering from respiratory failure. The initial request 
was declined in 65 babies because of overcrowding or lack of facilities at the NICU (n=59), or 


because transfer was not justified on medical g 
compelled to remain in the maternity unit beca 


rounds (n=6). Forty-two of the 65 babies were 
use they could not be accommodated at hospitals 


with facilities for ventilating newborn babies. The neonatal survival rate of babies with respiratory 
failure who were transferred to the NICU was 66% whereas the survival rate of similar babies who 
were declined transfer was 30%. Our findings support the efficacy of intensive care for ill babies with 
respiratory failure and suggest that such facilities need to be more widely developed. 


A service for the transfer of ill or high-risk neonates 
to regional neonatal intensive care units (NICU) has 
been widely developed in the USA as part of peri- 
natal care programmes! and is established in certain 
regions here.” ® Yet some paediatricians challenge 
the claim that neonatal intensive care is beneficia].4—6 
The referral service in the north-western region is 
mainly directed towards neonates who are critically 
ill. The demand for this service is increasing and 
many babies for whom transfer is requested cannot 
be accommodated. The outlook for babies who were 
declined admission to a regional NICU has not 
been reported; yet this is essential information for 
those contemplating and seeking to justify the 
development of a regional service. 


Patients and methods 


The operation of the regional neonatal intensive care 
service based at St Mary’s Hospital, Manchester, 
has been described previously.? 7 Each time between 
July 1979 and June 1980 that a request to receive 
a baby was declined, a record was kept of the baby’s 
name, birthweight, gestational age, referring hospital, 
indication for the transfer request, and the reasons 
for not accepting the transfer. If referral was refused 
because of shortage of nursing or medical staff, 
overcrowding of patients, or lack of equipment at 
the regional NICU the decision was always made 
jointly by the neonatal registrar and senior sister 


on duty. If it was thought that referral was not 
indicated on medical grounds the decision was made 
by the consultant paediatrician or senior registrar 
on duty. The outcome of such babies was confirmed 
by discussion with the special care baby unit staff 
at the referring hospitals several months after the 
request for transfer had been made. 


Definitions. The following definitions were used. 


Deteriorating respiratory distress—tachypnoea, thor- 
acic Cage retraction, or grunting worsening over the 
course of 4 hours, or accompanied by a progressive 
fall in arterial oxygen partial pressure, blood pH, 
or a rise in arterial carbon dioxide partial pressure. 


Respiratory distress with superimposed apnoeic 
attacks—tachypnoea, thoracic Cage retraction, or 
grunting punctuated by episodes of apnoea. 


Recurrent apnoeic attacks—repeated episodes of 
apnoea, without associated respiratory distress. 


Ventilatory failure from birth—the persisting need 
for positive pressure ventilation from birth because 
of inability to maintain spontaneous breathing. 


Impending or actual respiratory failure (RF)—the 
occurrence of deteriorating respiratory distress or 
respiratory distress with superimposed apnoeic 
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attacks, or apnoeic attacks alone, or ventilatory 
failure since birth. 


Results 


During the study period 170 requests for transfer of 
ill neonates were received from 17 different maternity 
units situated between 3 and 120 miles from the 
regional NICU. One hundred and five babies were 
immediately accepted but 5 of them died before they 
could be transferred. 

The initial request for transfer was declined in 65 
babies for the reasons shown in Table 1. Of the 6 
babies declined admission on medical grounds, 3 
were moribund and had grossly abnormal neuro- 
logical behaviour, one was 24 weeks’ gestation and 
weighed only 440 g, one was a healthy preterm baby, 
and one had diarrhoea and was thought to be an 
infection risk. Nine of the babies initially declined 
admission were subsequently transferred to the 
regional NICU as facilities became available after a 
delay of 1 to 6 days, 14 were transferred to one of 
three other hospitals with facilities for ventilating 
newborn babies, and 42 remained in the maternity 
unit of birth. If referring hospitals are grouped 
according to their distances (miles) from the regional 
NICU (3-10; 11-30; 31-120), the percentage of 
requests that were initially declined is similar in 
each group (27 (35%) out of 78; 32 (41%) out of 78; 
6 (43%) out of 14). However, the percentage of 
requests for transfer that were declined to individual 
hospitals ranged from 17 to 73%. The indications 
for the referral request of the 100 babies transferred 
at once to the regional NICU and the 42 babies who 
remained in the maternity unit of birth are shown 
in Table 2. In both groups of babies RF was the 
most common reason for requesting transfer. 
Requests for referral on the grounds of prematurity 
alone were more common in babies who were 
declined admission and who remained in their 
maternity unit of birth. None of the 6 babies 
declined admission on medical grounds is repre- 
sented among the babies with RF. 

Table 3 gives details of the 92 babies with RF 
who were promptly transferred to the regional 











Table 1 Reasons for declining transfer of 65 babies* 
No Ys 
Overcrowding of patients or shortage 
of equipment 48 74 
Shortage of trained nursing staff 15 23 
Transfer not justified on medical grounds 6 9 
Shortage of medical staff 3 5 
Unspecified 3 5 


Oe a a 


*There was more than one reason for some babies. 
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Table 2 Indications for referral requests in babes 
promptly transferred to the regional NICU and ia those 
declined transfer who remained in the maternity unit 

of birth 





Indication Transferred Declined transfer 


(n=100) (n=42) 

No vA No yA 
Respiratory failure 92 92 27 64 
Prematurity alone 2 2 9 21 
Other indications 6 6 6* 14 





* Includes 5 babies declined admission on medical grouncs. 


NICU and the 27 with RF who remained in the 
maternity unit of birth. The mean + SD birthweight, 
gestational age, and the M:F ratio of babies in 
these two groups were similar. Deteriorating res- 
piratory distress was the most common form of 
RF in both groups of babies: the occurrence of 
respiratory distress with superimposed apnoeic 
attacks was more common in transferred babies 
compared with those declined transfer but the 
difference was not significant. The neonata survival 
rate in babies with RF who were promptly trans- 
ferred to the regional NICU (66%) was more than 
double that of similar babies who remained in the 
maternity unit because the regional NICU eould not 
accommodate them (30%) (P<0-005). 

All 9 babies who were later transferred to the 
regional NICU after initially being declined were 
suffering from RF and 4 (44%) survived. Eleven of 
the 14 babies transferred to the other ehildren’s 
hospitals had RF and 5 (46%) survived. 


Table 3 Characteristics and neonatal survival rates 
of babies with respiratory failure promptly transferred 
to the regional NICU (n= 92) and of those declined 
transfer who remained in their maternity unit oj birth 
(n=27) 








Transferred Declined transfer 
No yA No PA 
Type of respiratory failure 
Deteriorating respiratory 
distress 45 49 18 67 
Respiratory distress with 
apnoeic attacks 27 29 4 I5 
Recurrent apnoeic attacks 10 l1 3 11 
Ventilatory failure from 
birth 10 11 2 7 
Birthweight (kg) (mean + SD) 1-67 + 0-76 1-68 + O-81 
Gestational age (weeks) 

(mean + SD) 3134 3-9 31-4 + 4-7 
Male : female 2s 1-S:1 
Number of infants who 

survived 6l 66 8 30* 





*P<0-005 (y2 with Yates’s correction). 


336 Sims, Wynn, and Chiswick 


Discussion 


Overcrowding of patients and lack of equipment on 
the regional NICU were the most common reasons 
for our reluctance to respond to requests for neo- 
natal transfers. Outbreaks of necrotising entero- 
colitis and pseudomonas_ infection presumably 
caused by cross-infection are more likely to occur if 
the NICU is overcrowded. When demands on 
the service outstrip resources patient care is also 
compromised because monitoring devices are re- 
moved from certain babies to others deemed to be 
in greater need. A shortage of suitably trained nurses 
was a contributory factor in nearly one-quarter of 
babies declined transfer and in our opinion this was 
often due to unexpected absenteeism caused by 
stress-related illnesses. The availability of a sufficient 
number of trained nurses on each shift is the most 
important factor influencing the quality of neonatal 
care. Our nurses do not have an extended role but 
they are well trained in basic neonatal care, parti- 
cularly in the recognition of impending hypoxaemia. 
Brief periods of absenteeism even for one day may 
seriously compromise the service because of the un- 
predictable pattern of transfer requests. Despite the 
fact that long-distance transfers deprive the regional 
NICU of a trained doctor and nurse for long 
periods, decisions to decline requests for transfers 
were not influenced by the distances of the referring 
hospitals from the regional NICU. This is borne out 
by the fact that groups of referring hospitals situated 
different distances from the regional NICU had a 
similar percentage of requests for neonatal transfer 
declined. However, the percentage of requests 
declined varied widely from hospital to hospital and 
a biased impression of the adequacy of the referral 
service must have been gained by those maternity 
units that had most of their requests for transfer 
either accepted or declined. 

We believe it is essential to classify indications 
for referral to a regional NICU by the precipitating 
symptoms and signs rather than by diagnosis which 
is often uncertain when the request for transfer is 
made. Hyaline membrane disease is the single most 
common condition in referred babies but more than 
one diagnosis may subsequently become apparent. 
The concept of RF is particularly helpful in defining 
a group of babies who require ventilatory support. 
This group accounted for more than 90% of babies 
transferred and for nearly 64% of those declined 
admission and who remained in the maternity unit 
of birth. The difference in the incidence of RF in the 
two groups can be attributed to the fact that there 
were more requests for referral on the grounds of 
prematurity alone in the group of babies declined 
transfer. Five of the 12 babies for whom transfer was 


requested on the grounds of prematurity alone had 
birthweights less than 550 g, thus stressing the 
pressures On a regional neonatal unit. 

The survival rate of babies with RF who were 
promptly transferred to the regional NICU was 
more than double that of a group of babies of 
similar birthweights and gestational ages who also 
suffered RF but who remained at the hospital of 
birth. This was despite the fact that babies with 
respiratory distress complicated by apnoeic attacks 
were slightly over-represented in transferred babies 
compared with those who were declined referral. 
These results confirm the advantage of transferring 
ill babies with RF to an NICU and contradict a 
number of recent reports that question the benefits 
of neonatal intensive care.4-® The lower survival 
rate in the few babies transferred to other hospitals 
that had neonatal intensive care facilities and in 
those referred to the regional NICU after initially 
being declined admission was possibly caused by 
delays before transfer. 

Diverse neonatal disorders culminate in RF. 
Demands on a regional referral service orientated 
towards the transfer of such babies are virtually 
infinite and prolongation of survival leads to an 
increase in bed occupancy. It is because the pro- 
vision of intensive care facilities, particularly 
ventilatory assistance, is so beneficial that the 
impact is so great when service demands outstrip 
available facilities at the regional NICU. One 
danger is that undue reliance on one or even two 
regional NICUs might actually hinder or retard 
the development of intensive care skills and facilities 
within district maternity units. Our findings support 
the idea that in each region neonatal intensive care 
facilities need to be more widely developed with a 
number of larger maternity units acting as sub- 
regional referral centres as recommended in the 
House of Commons Social Services Committee 
report on perinatal and neonatal mortality.§ 


We thank Marlene O’Donnell for secretarial 


assistance. 
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Looking back 


BERNARD SCHLESINGER 
Oliver’s Cottage, Boxford, Newbury, Berkshire 


In 1924 when I was house physician to Frederic 
Still, Robert Hutchinson, and Hugh Thursfield at 
The Hospital for Sick Children, Great Ormond 
Street, the wards were large and cheerful with a 
warming stove in the centre. Beds were occupied 
by children from infancy up to age 14 years although 
boys tended to be somewhat younger. Cross-infection 
was easy and the outbreak of one of the exanthemata 
meant temporary closure of that part of the hospital; 
there were many cases of acute rheumatism, parti- 
cularly chorea with attendant quite serious cardiac 
complications; gastroenteritis was common and 
with the introduction of Bateman’s needle, early and 
successful attempts at intravenous rehydration were 
carried out. 

Some of the wards had balconies, and provided 
the children were suitably clad, open air treatment 
appeared to be beneficial even in the winter. 

Sisters slept in quarters immediately adjoining 
the wards which meant that they were closely in 


Second Report from the Social Services Committtee 
1979-80. London: HMSO, 1980: 38. 
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touch, although interference with complete ‘off 
duty’ time was a disadvantage. 

A houseman could have the care of three large 
wards, and examining and treating so many sick 
children in preparation for his chief’s visits presented 
quite a problem; it was also his duty to administer 
anaesthetics for emergency operations. 

There was only one medical registrar, who was also 
the ward pathologist. Thus life was a continuously 
busy round and although at the end of 6 months 
the doctor in charge had considerably increased his 
paediatric knowledge he was ready for a more 
leisurely post which would allow him time to think 
and benefit from past experience. 


Dr Bernard Schlesinger recently celebrated his 85th 
birthday. He is the only surviving founder member 
of the British Paediatric Association and one of the 
most regular supporters and attenders of its meetings. 

SRM 
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Early rise in ‘pitted’ red cell count as a guide to 
susceptibility to infection in childhood sickle 
cell anaemia 


D W ROGERS, BERYL E SERJEANT, AND G R SERJEANT 


Medical Research Council Laboratories, University of the West Indies, Kingston, Jamaica 


SUMMARY ‘Pitted’ red cell counts (pit counts) were performed serially during a period of 18 months 
in 130 Jamaican children with homozygous sickle cell (SS) disease aged 0-4 years. Raised pit counts, 
defined as 10% or more ‘pitted’ red cells, were present in 23°% of the children at age 12 months, in 
42% at age 24 months, and in 52% at age 36 months. Radioactive colloid spleen scans showed no 
splenic uptake in 11 children with palpable spleens and raised pit counts. Eight episodes of severe 
bacterial infection occurred in 7 children, all of whom had raised pit counts before (n = 6) or at 
the time of infection (n = 1). Of the 52 children with pit counts followed from age 12 months or 
younger, all 4 who developed severe infections had raised pit counts at or before age 12 months. 
Pit counts are a guide to susceptibility to severe infections in SS children. Children whose pit counts 
rise before age 12 months are at greater risk of subsequent infection; this may be related to loss of 
splenic function before first encounter with the infecting organism. 


Susceptibility to severe bacterial infections, especially 
pneumococcal septicaemia and meningitis, is a 
serious complication of homozygous sickle cell (SS) 
disease in childhood,' and contributes to the high 
early mortality. Similar susceptibility is seen in 
asplenic children,* and in children who undergo 
splenectomy in whom the risk of subsequent infection 
is greater the younger they are when the spleen is 
removed.’ Susceptibility to these infections in SS 
children has been ascribed to functional asplenia, 
impairment of splenic reticuloendothelial function 
while the spleen is still enlarged, which is an acquired 
defect demonstrable by radioactive colloid spleen 
scans, and by failure of the normal antibody 
response to intravenous antigen.® 

Counts of so called ‘pitted’ red cells (pit counts), 
estimated using differential interference contrast 
microscopical examination (Fig. 1), have also been 
used as a measure of splenic reticuloendothelial — ai 
function, the proportion of ‘pitted’ red cells increas- Fig. 1 ‘Pitted’ red cells in sickle cell disease. x 2500. 
ing in the absence of a functioning spleen.’~® The 
description ‘pitted’ is a misnomer, electron micro- 
scope studies suggesting that the ‘pits’ are vesicles 
underlying the red cell membrane. As pit counts can Patients and methods 
be performed quickly and easily on one drop of 
blood they are particularly suitable for serial studies Pit counts were estimated serially from November 
of splenic function in SS children.!° |! 1976 to July 1978 in 130 SS children aged 0-4 years 
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who had been diagnosed in the cord blood screening 
programme at Victoria Jubilee Hospital, Kingston, 
Jamaica and followed up in a special clinic at the 
University Hospital of the West Indies as part of the 
Medical Research Council’s study of the natural 
history of sickle cell disease. Criteria for the diagnosis 
of SS disease have been previously described.” Pit 
counts were also estimated for 139 Jamaican children 
with normal haemoglobin genotype AA aged 1-4 
years who were being followed up at the clinic as 
controls, and for 16 SS children and adults who had 
undergone splenectomy. 

Specimens were taken at routine blood tests 
performed at 3-monthly intervals (6 monthly for AA 
children) or when clinically indicated. Blood was 
taken by finger prick, except for yearly vene- 
punctures or if venepunctures were required for 
blood cultures or biochemical or serological investi- 
gations. One drop of fresh blood was mixed with 
0-5 ml 5% formol saline in a stoppered tube and 
stored at 4°C, the cells settling to the bottom of the 
tube. Specimens were stored for periods ranging 
from 4 hours to 8 weeks. 

For counting, the cells were resuspended by 
shaking the tube and a small drop of the suspension 
was placed on a microscope slide, covered with a 
coverslip, and viewed under a x 100 oil immersion 
lens. Pit counts were estimated by counting 500 red 
cells using differential interference microscopy 
(Nomarski optics) on a standard Zeiss microscope. 
The pit count was defined as the percentage of red 
blood cells appearing to have at least one circular 
indentation, regardless of the size or the number of 
indentations. Consistency between observers and 
between estimations on the same specimen before 
and after several months’ storage was checked, the 
counts falling within a range of + 2-5 for each 
specimen. 

Radioactive (°"Tc) colloid spleen scans were 
performed on 14 SS children in whom confirmation 
of impaired splenic function was indicated, the most 
common indication being before splenectomy for 
acute splenic sequestration. 

Severe infections were defined as isolation of a 
pathogenic organism from blood or cerebrospinal 
fluid or at necropsy, or purulent meningitis without 
isolation of an organism. Infections were diagnosed 
in the clinic, during hospital admissions, and by 
routine culture at necropsy if performed. For 
children in whom pit counts had been performed 
from age 1 year or younger survival curves for time 
to first severe infection were calculated for two 
groups. Group 1 comprised children whose pit 
counts rose to 10% or greater before or at age 
12 months, group 2 comprised children whose pit 
counts had not risen above 9 % before age 13 months. 
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Results 


Pit counts were below 2% in 118 (85%) of 139 and 
below 5% in 132 (95%) of 139 AA children aged 
1-4 years. The remaining 7 control children with 
counts of 5 to 8% included children with identifi- 
able illnesses—such as pharyngitis, skin sepsis, or 
scabies. Repeat counts in 3 of these children showed 
subsequent falls in pit counts from 8 to 3%, 8 to 1%, 
and 5 to 0%. 

Pit counts from serial studies in 130 SS children 
have been combined (Fig. 2) to show the distributions 
of pit counts with age. Ranges, medians, and 
quartiles are shown, as until about age 4 years the 
distributions are skewed towards zero. Raised pit 
counts, defined as 10% or more ‘pitted’ red cells, 
occurred in 23 % SS children at age 1 year, in 42% at 
age 2 years, and in 52% at age 3 years. Median pit 
counts showed a progressive increase reaching 
17-5% at age 51 months compared with a median of 
18-1% in 16 post-splenectomy patients. 

Radioactive colloid spleen scans showed no 
splenic uptake in 11 SS children with palpable 
spleens and pit counts ranging from 9 to 18 %, and in 
2 SS children who had never had palpable spleens, 
one of whom had a pit count of 25% and the other a 
normal pit count. Splenic colloid uptake was 
demonstrated in 1 child with a palpable spleen and a 
pit count of 3%. 

Pit counts in relation to 8 episodes of severe 
infection in 7 SS children (Table 1) indicate that pit 
counts were raised before the episode in 6 children 
and at the episode in 1 child. The relationship 
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Fig. 2. Distribution of pit counts (median, quartiles, 


and range) according to age in 130 children with SS 
disease age 0-51 months followed for up to 18 months. 
AA refers to 139 controls with normal haemoglobin 
age 1-4 years. SS splenectomy refers to 16 adults 

and children in whom splenectomy had previously been 
performed. Numbers refer to observations in each age 


group. 
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Table 1 Pit counts and severe bacterial infections 





Case Age (months) Infection Organism Outcome Previous Pit count Subsequent Previous 
pit count at infection pit count infections 

Spleen Pit count At (%) (%) coe 

first felt raised infection 
1 6 9 9 Septicaemia S. pneumoniae Survived 4 13 15 
2 8 10 14 Osteomyelitis S. californiae Survived 14 Not known l1 
3 4 8 16 Septicaemia S. pneumoniae Survived 16 Not known 34 
4 3 ~12 16 Meningitis S. pneumoniae Died 18 Not known — 

S. typhimurium 

5 2 =21 21 Septicaemia S. pneumoniae Died 24 Not known — H. influenzae 


septicaemia 
(at 19 months) 
z19 30 Septicaemia S. aberdeen Survived 24 24 14 
6 Z 36 42 Meningitis S. pneumoniae Survived 12 23 15 S. pneumoniae 
meningitis (at 
29 mont.s) 
57 Meningitis S. pneumoniae Survived 21 12 10 H. influenzae 
osteomyelitis 
(at 32 months) 
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group 


First severe infection according to pit count 





Group Age when pit No of Observed Expected Observed) 
count first raised children infections infections* expected 








l #12 months 17 4 1-16 3-45 
2 >12 months or 
not at all 35 0 2-84 0 





*Expected number of first infections calculated by log-rank test. 


between splenomegaly, rise in pit count, and 
subsequent severe infection in 3 patients is shown in 
Fig. 3a, b, and c. 

In the 52 children whose pit counts had been 
estimated from age 12 months or earlier, all 4 who 
experienced severe infections had raised pit counts at 
or before age 12 months. Time to first severe 
infection (Table 2) for SS children was significantly 
related to raised pit counts at or before age 12 
months by the log-rank test (y? test, P<0-01). 


Diseussion 


Pit counts in AA children aged 1-4 years in the 
present study (mean +1 SD, 0-73 +1-54%; range 
0-8 24) were of the same order as those reported for 
normal adults by Holroyde and Gardner’ (2-6 
+1-1%, range not quoted) and for normal subjects 
aged 2 months to 43 years by Casper et al. (0-5 
+0-5°%; range 0-2-6 %) but were higher than those 
reported by Pearson eż al? for 35 normal children 
aged 6 months to 20 years (0-08 +0-003%; range 
0-0-8 %). Infections may explain some of the fairly 
high pit counts seen in AA children in this study. 

A raised pit count was arbitrarily defined as a pit 
count of at least 10% for the following reasons. All 
AA children had pit counts below this level. Spleen 
scans in SS children with palpable spleens showed no 
splenic uptake of colloid at pit counts of 9% or 
greater, while the spleen scan of an SS child with a 
pit count of 3% showed uptake. Pearson ef al.° 
found pit counts of 12% or greater in children who 
had undergone splenectomy and in whom regener- 
atien of splenic tissue was not suspected or demon- 
strated. 

A child in whom the spleen had never been felt had 
a normal pit count, but unexpectedly no splenic 
activity detected on spleen scan, perhaps because of 
an ectopic spleen or compensatory activity in the 
remainder of the reticuloendothelial system. 

All the severe infections in the present study 
oceurred in children with raised pit counts. Serial pit 
counts from age 12 months or younger suggest that 
SS children whose pit counts rise at or before age 
12 months are those at greater risk of subsequent 
infection. 
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A possible explanation for these findings is as 
follows. Individuals without functioning spleens are 
unable to mount an antibody response to intra- 
venous antigen.® 1? In the experimental animal rapid 
clearance of pneumococci from the circulation by 
the liver is dependent on the presence of circulating 
antibody.!* Thus if splenic function is lost before 
first encounter with an invading organism, ‘ailure of 
the spleen-dependent antibody response may result 
in failure of clearance of the organism ‘rom the 
circulation by the liver. However if antibody already 
exists as a result of a previous encounter with the 
organism, or as a result of active or passive immu- 
nisation, the organism can be rapidly cleared from 
the circulation by the liver even in the absence of a 
functioning spleen. Thus the younger splenie function 
is lost the smaller the probability of previous 
encounter with an invading organism and consequent 
formation of circulating antibody, anc so the 
greater the risk of subsequent septicaemia. 

The ease and speed with which a pit count can be 
performed make this investigation suitable for clinic 
or ward use as an assessment of splenic assessment of 
splenic function. A normal pit count in an SS child 
at a particular time makes a severe bacteria! infection 
on that occasion unlikely. Mortality from severe 
infections in sickle cell anaemia is highest m the first 
2 years of life when fewer than 40 % SS children have 
raised pit counts, and pit counts are therefore 
especially valuable in young children. Serial pit 
counts in SS children followed since birth establish 
the age of onset of functional asplenia and the 
subsequent risk of severe bacterial infection. Those 
at risk may benefit from prophylaxis, amd a con- 
trolled trial comparing vaccination and penicillin 
prophylaxis is in progress. 


We thank the staff of the Departments of Child 
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Defective yeast opsonisation and functional 
deficiency of complement in sickle cell disease 


V F LARCHER, R J WYKE, L R DAVIS, C E STROUD, AND ROGER WILLIAMS 


Department of Child Health, Department of Paediatric Pathology, and the Liver Unit, King’s College Hospital 
Medical School, London 


SUMMARY Opsonisation of heat-killed baker’s yeast, functional activity of the total alternative 
pathway of complement, and factor B detected functionally and immunochemically were significantly 
reduced in 72 children with sickle cell disease compared with 40 age-matched black control children. 
There was significant correlation between functional activity of the total alternative pathway and 
functionally measured factor B, but not between factor B measured functionally and immuno- 
chemically. The opsonisation defect could be corrected in vitro by normal serum, and factor B- 
depleted serum, and was qualitatively similar to that seen in patients with primary yeast opsonisation 
deficiency. Serial studies showed that these serum defects were persistent. Reduction in the activity of 
components of the alternative pathway of complement and opsonisation was found in 4 patients 
who had recovered from pneumococcal meningitis and in one who developed osteomyelitis. Defects 
of yeast opsonisation and complement which are common in patients with sickle cell disease, may 
partly explain the children’s increased susceptibility to infection, and might help to identify indi- 


viduals especially at risk. 


Patients with sickle cell disease (SCD) have an 
increased incidence of pneumococcal and Gram- 
negative infection;!* the precise reasons for this 
have not been established. Opsonisation of bacteria 
by serum factors including complement and immuno- 
globulin is an important host defence mechanism 
which, in the absence of specific immunoglobulin, 
depends on activation of the alternative pathway of 
complement. Functional defects in this pathway, 
including factor B,* have been associated with 
defective pneumococcal opsonisation*? in patients 
with SCD, although levels of immunochemically 
measured factor B are normal.’ 

Opsonisation of heat-killed baker’s yeast is a 
further test of the integrity of the alternative 
pathway, but is only partially dependent on factor 
B.” Since defects are associated with an increased 
incidence of infection, we measured ability of sera 
from patients with SCD to opsonise yeasts, and the 
relation to functionally and immunochemically 
measured factor B and activity of the total alter- 
native pathway of complement. The incidence of 
pneumococcal infection in these patients was 
analysed retrospectively. 


Patients and methods 
Seventy-two (37 boys and 35 girls; mean age 8-5 
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years, range 0-5-16) children were studied. All had 
SCD proved by positive sickle cell test, typical blood 
film, and haemoglobin electrophoresis; 70 were 
homozygous for haemoglobin S and 2 had haemo- 
globin SC. All were seen at the Sickle Cell Anaemia 
Clinic at the Belgrave Hospital for Children, 
London. None of the patients had infection or crisis; 
none had received blood transfusion within the pre- 
ceding 2 weeks. There were 28 siblings from 13 families 
with homozygous SS disease; 7 patients were studied 
more than once during the course of 6 months. 
Control sera were obtained from 40 normal 
healthy black children (22 boys, 18 girls; mean age 
7-4 years, range 1-14) with normal haemoglobin 
electrophoresis but without history of recurrent 
infection or allergy, in whom venepuncture was 
necessary for their management. Venous blood 
was allowed to clot for 2 hours at room temperature; 
serum was separated and stored in aliquots at 
—70°C, being thawed once immediately before use. 
Functional activities of the total alternative 
pathway of complement and factor B were assayed 
by radial haemolytic diffusion in agarose;? con- 
centration of immunoreactive factor B was measured 
by immunodiffusion against specific antiserum. All 


serum pool included as controls. 
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Opsonisation of heat-killed baker’s yeast was 
measured by a Coulter Counter technique.’ Results 
were expressed as the percentage of yeasts phago- 
cytosed. 

Statistical significance of differences between 
normally distributed data was analysed by Student’s 
t test; for non-parametrically distributed data, dif- 
ferences were analysed by Wilcoxon’s rank sum 
test. 


Results 


Yeast opsonisation. The mean percentage of yeasts 
phagocytosed (49 + SD 10-5°%) for sera from black 
controls did not differ significantly (P>0-5) from 
that in 25 age-matched white children (50 + SD 
10%). The overall incidence of defective opsonisation 
was similar in black and white controls, with values 
of 5 and 4% respectively. In contrast, 11 (15°%) of 
72 children with sickle cell disease had defective 
opsonisation (Figure) 
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Figure Percentage of yeasts phagocytosed by normal 
polymorphonuclear leucocytes in the presence of 5%, 
serum from patients with sickle cell disease and black 
and white controls. Means + 2 SD for controls are 
Shown. 


Table 1 Complement components, as percentage of 
control serum pool, in serum from patients with sickle 
cell disease and in controls 

a it 





Subjects Total Functional Immuno- 
alternative factor B chemical 
pathway factor B 
activity 

ee a 

Patients (n =72) 89 +35 95+32 103+32 

Controls (n =40) 105 +25 141 +40 126+40 

P value <0-01 <0-005 <0-05 


Values given as mean + SD. 


Complement studies. The mean activity of the total 
alternative pathway of complement in sera from 
patients with SCD was significantly reduced com- 
pared with controls (Table 1). In 25 patients and 1 
control, activity was below 2 SD of the control 
mean. 

Functional activity of factor B was also reduced 
(Table 1) with values in 9 patients less than 2 SD 
of the control mean. Sera from these 9 patients 
also had significant reduction in activity of total 
alternative pathway. There was a significant (rc 
0-53, P<0-01) positive correlation between func- 
tional activities of the total alternative pathway 
and factor B. 

Factor B was also significantly reduced when 
measured immunochemically (Table 1); 6 patients 
and 1 control had values less than 2 SD of the con- 
trol mean. There was no significant correlation 
(r=0-187, P£0-1) between levels of factor B 
measured functionally and immunochemically. Eight 
patients with functional deficiency of factor B had 
normal serum levels of factor B when measured 
immunochemically. 

Five of the 11 patients with yeast opsonisation 
deficiency had reduced activity of the alternative 
pathway, but none had deficiency of factor B 
whether measured functionally or immuno- 
chemically. Opsonisation and complement defi- 
ciencies were not related to the patient’s age, sex, or 
haemoglobin type. Two patients with serum defects 
(total alternative pathway and factor B activity in 
one, yeast Opsonisation in the other), showed no 
change in the defect in serial studies during the course 
of 6 months. None of the 5 patients studied with 
normal serum opsonisation or complement develop- 
ed abnormalities during this period. 

No consistent familial pattern of deficiencies 
could be identified among the 28 siblings from 13 
families, although siblings in some families with 
complement deficiency had low normal values (less 
than 2 SD but more than 1-5 SD below the control 
mean). 


Nature of opsonisation defect. The effect of adding 
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Table 2. Effect of adding 0-5% concentration of various 
sera on opsonisation capacity of 5% sickle cell disease 
sera with opsonisation deficiency and primary 
opsonisation deficiency sera 





Source of No Percentage (mean+-SEM) of yeasts 
% serum additive phagocytosed after addition of 0-5% 
Of Of B- Of SCD Of serum 
normal depleted serum with 10 
serum serum with opsonisa- 
factor B tion 
deficiency deficiency 
Sickle cell 
disease 12+3-5 33+3-0 2843-5 2544-9 1343-9 
1° opsonisation 
deficiency 1643-2 4244-2 3842-9 2543-7 1942-5 
Buffer alone 0 8+2-2 541-7 240.9 4+1-0 





Values represent mean 4+- SEM of 4 experiments with 4 sera. 


various sera to those from defective patients with 
sickle cell disease and patients with primary yeast 
opsonisation deficiency was investigated to compare 
the nature of the yeast opsonisation defect in the two 
groups. Percentage of yeasts phagocytosed in the 
presence of the serum mixtures was determined in the 
normal way. Results are shown in Table 2. The 
opsonisation defect in sera from patients with SCD 
was corrected by addition of low concentrations 
(0-5°%) of normal serum, normal serum depleted 
in factor B, or serum from patients with SCD with a 
factor B activity of less than half that of normal. All 
these sera produced similar qualitative improvement 
in Opsonising capacity of sera from patients with 
primary opsonisation deficiency, but alone in a 
0-5% concentration in buffer they were not opsonic 
(Table 2). Sera from patients with a primary defect of 
yeast opsonisation did not correct the opsonisation 
deficiency in sera from patients with SCD. 


Relationship with pneumococcal infection. Four 
patients studied had recovered from pneumococcal 
meningitis between 2 and 11 years previously. All 
had reduced activity of the alternative pathway, two 
had a functional deficiency of factor B, and two 
had defective yeast opsonisation. Since the present 
study began, one child with deficiency of the alter- 
native pathway and factor B has developed septic 
arthritis and osteomyelitis owing to Klebsiella sp. 


Discussion 


Inability of serum to opsonise heat-killed baker’s 
yeast was three times more common in patients with 
SCD than in healthy black or white controls, in 
whom the incidence of deficiency was similar to 
that previously reported.8 1° Factor B activity is 
required for opsonisation of yeasts’ and was reduced, 
in association with total alternative pathway activity, 
in patients with SCD. However, low levels of factor 


B were not responsible for defective yeast opsonisa- 
tion, since subopsonising amounts of nermal sera 
depleted of factor B or sera from patients deficient 
in factor B could correct the opsonisation defect. 
The finding of normal yeast opsonisaticn in all 9 
(12%) of patients with deficiency of factor B activity 
also implies that the two defects are distinct. 
Similarly, correction of opsonisation by subopsoni- 
sing amounts of normal sera but not by sera from 
patients with primary deficiency states suggests that 
defective opsonisation of yeast by sera from patients 
with SCD is qualitatively similar to that seen in 
primary deficiency states. Since defects in opsonisa- 
tion and factor B activity probably represent 
separate, specific defects in the alternative pathway of 
complement, failure to identify either in 11 of 25 of 
those with a defect in total alternative pathway 
activity implies that other defects in this pathway may 
occur in SCD. However, evidence for deficiencies of 
other components—for example, facior D—is 
conflicting è # and requires further study. We found, 
unlike Bjornson ef al.’ that levels of immuno- 
chemically measured factor B were lower than 
controls, but could demonstrate no significant cor- 
relation between functionally and immunochemically 
measured factor B, presumably because simple 
immunochemical measurements cannot distinguish 
between functionally active and inactive complement. 
This lack of correlation may explain the normal 
opsonisation of pneumococci by sera defective in 
immunochemical factor B,® since opsonisation of 
pneumococci is presumably a functional measure of 
factor B activity.* 

Although primary or congenital deficiency states 
cannot be excluded as a cause of the observed 
defects in opsonisation and complemert, a more 
likely explanation is that the deficiencies were 
secondary. Correction of opsonisation by sub- 
opsonising amounts of normal serum excludes the 
presence of an inhibitor. Both excessive consumption 
and failure of synthesis of functionally active 
complement could have produced the defects. Red 
cell stroma can activate the alternative pathway 
thereby consuming complement,!” but no patients 
had recent haemolytic episodes and C3 spit products 
(C3d) have not been detected in a limited number of 
plasma samples so far examined (Vergani, personal 
communication). Failure to synthesise complement 
might follow blockade of the reticulcendothelial 
system by abnormal erythrocytes. Sinee reticulo- 
endothelial cells are a major site of complement 
synthesis!’ blockade of this system, which may occur 
in SCD in the absence of painful crisis,!4 might 
influence complement synthesis. 

Both deficiency of yeast opsonisation® and factor 
B4 have been associated with an increased incidence 
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of infection and retrospective analysis of our cases 
would support such an association. Pneumococcal 
infection remains a major cause of mortality and 
morbidity in young children with SCD" and account- 
ed for 4 of 199 admissions of all age groups in a 
recent UK study.'® Immunisation with a polyvalent 
vaccine and penicillin prophylaxis have been ad- 
vocated as effective means of preventing pneumo- 
coccal infection in patients with SCD but both are 
expensive.! Our data suggest that screening of 
patients for complement and opsonisation defects 
might identify individuals especially at risk from 
pneumonococcal infection. Although immuno- 
chemical assays are fairly cheap and easy to perform 
our data suggest that the more time-consuming 
functional assays should be used for this purpose. 


We thank Miss J I Silk for valuable assistance and 
the support of Immuno is gratefully acknowledged. 


References 


m 


Robinson M G, Watson R J. Pneumococcal meningitis 
in sickle-cell anemia. N Engl J Med 1966; 274: 1006-8. 
Seeler R A, Metzger W, Mufson M A. Diplococcus 
pneumoniae infections in children with sickle cell anemia. 
Am J Dis Child 1972; 123: 8—10. 

Wilson W A, Hughes G R V, Lachmann P J. Deficiency 
of factor B of the complement system in sickle cell anaemia. 
Br Med J 1976; i: 367-9. 

Johnston R B, Jr, Newman S L, Struth A G. An abnor- 
mality of the alternate pathway of complement acti- 
vation in sickle cell disease. N Engl J Med 1973; 288: 
803-8. 

5 Bjornson A B, Gaston M H, Zellner C L. Decreased 
opsonization for streptococcus pneumoniae in sickle 
cell disease. Studies on selected complement components 
and immunoglobulins. J Pediatr 1977; 91: 371-8. 


to 


w 


— 


a 


Soothill J F, Harvey B A M. A defect in the alternative 
pathway of complement. J Clin Exp Immunol 1977: 27: 
30-3. 

Larcher V F, Wyke R J, Mowat A P, Williams R. 

Mechanism of the yeast opsonisation defect in patients 

with fulminant hepatic failure. Clin Exp Immunol 1981; 

46: 406-11. 

Soothill J F, Harvey B A M. Defective opsonisation; 

a common immunity deficiency. Arch Dis Child 1976: 

51: 91-9. 

Martin A, Lachmann P J, Halbwachs L, Hobart M J. 

Haemolytic diffusion plate assays for factor B and D 

of the alternative pathway of complement activation. 

Immunockemistry 1976; 13: 317-24. 

Levinsky R J, Harvey B A M, Paleja S. A rapid objective 

method for measuring the yeast opsonisation activity of 

serum. J Immunol Methods 1978; 24: 251-6. 

1 Koethe S M, Casper J T, Rodney G E. Alternative 

complement pathway activity in sera from patients with 

sickle cell disease. Clin Exp Immunol 1976: 23: 56—60. 

Poskitt T R, Fortwengler H P, Jr, Lunkis B J. Activation 

of the alternate complement pathway by autologous red 

cell stroma. J Exp Med 1973; 138: 715-22. 

Whaley K. Biosynthesis of the complement components 

and the regulatory proteins of the alternative comple- 

ment pathway by human peripheral blood monocytes. 

J Exp Med 1980; 151: 501-6. 

14 Rosenblate H J, Eisenstein R, Holmes A W. The liver 
in sickle cell anemia. Arch Pathol 1970; 90: 235-45. 

18 Rogers D W, Clarke J M, Cupidore L, Ramlal A M, 
Sparke B R, Serjeant G R. Early deaths in Jamaican 
children with sickle cell disease. Br Med J 1978; i: 1515-6. 

16€ Anionwu E, Walford D, Brozović M, Kirkwood B. 

Sickle cell disease in a British urban community. Br Med J 

1981; 282: 283-6. 


~l 


œ 


< 


1 


~ 
= 


oe 
ty 


13 


Correspondence to Dr V F Larcher, Department of 
Child Health, King’s College Hospital Medical 
School, Denmark Hill, London SES 8RX. 


Received 2 November 1981 


oe 


Archives of Disease in Childhood, 1982, 57, 347-351 


Failure to thrive: diagnostic yield of hospitalisation 


DONALD M BERWICK, JANICE C LEVY, AND RUTH KLEINERMAN 
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SUMMARY Review of hospital records of 122 infants, aged between | and 25 months, admitted to a 


teaching hospital with the diagnosis of failure to thrive but without an underlying disease apparent 
at admission, showed that about one-third of them still had no diagnosis after evaluation. Thirty-two 
per cent were thought to have a social or environmental explanation for poor growth, and 31% 
were given a specific organic or physiological diagnosis. Of the last group, 2 out of 3 were diagnosed 


as having either gastro-oesophageal reflux or non-specific chronic diarrhoea. Vomiting was often 
associated with organic or structural disease. On average about 40 laboratory tests and x-ray films 


were performed per infant, but only 0:8 % of all 


tests showed an abnormality which contributed to 


the diagnosis of the cause of failure to thrive. Our results stress the importance of social and en- 
vironmental factors as basic causes of failure to thrive, and suggest that admission to hospital and 
laboratory testing is unlikely to lead to a specific organic diagnosis in a child whose failure to 
thrive is unexplained after careful history taking and a physical examination. 


One of the most vexing problems for clinicians 
caring for young children is the search for aetiologies 
in the management of small children who ‘fail to 
thrive’, children whose weight lies consistently below 
the 3rd centile for age, or whose growth is rapidly 
crossing centiles downwards. Such children account 
for between 1 and 5% of all admissions to referral 
children’s hospitals,! 2? and many of these admissions 
are initiated to search for occult diseases underlying 
the growth failure. 

The differential diagnosis of the condition is long, 
almost conterminous with the list of serious chronic 
diseases of childhood, and a diagnostic search which 
attempts to ‘rule out’ all possible organic causes of 
failure to thrive (FTT) is necessarily extensive. 
Apart from organic disease, the important associa- 
tion between adverse environmental factors and im- 
paired growth and development is well known.? 4 
Series report very different proportions of non- 
organic aetiological classifications, some reporting a 
high percentage of FTT children with underlying 
organic problems,! * 5-7 but others reporting a far 
lower one.’ ° Such differences seem mainly owing to 
variations in criteria. 

Few of the series have dealt directly with the 
central problem of strategy for the clinician managing 
4 small child with FTT; namely, what is the appropri- 
ate course of action if the patient has neither organic 
disease nor abuse or neglect as an obvious cause of 
the growth disturbance. In particular, how can ad- 


mission to hospital contribute to the resolution of 
the diagnostic dilemma? This study was undertaken 
to assess the diagnostic yield of children in the 
infant-toddler age group who are admitted to hos- 
pital to investigate the cause of FTT of obscure 
origin. In addition, we sought to determine whether 
any characteristics of the child definable at ad- 
mission, any characteristics of growth in the hospital, 
or any laboratory results were strongly correlated 
with the discharge diagnosis. 


Methods 


We abstracted detailed information from the case 
records of all infants aged between 1 and 25 months 
for whom the diagnosis of FTT had been noted at ad- 
mission to or on discharge from a paediatric teaching 
hospital during a 2-year period. Children were ex- 
cluded from the study if an obvious cause of FTT 
was explicitly identified by history or physical 
examination at the time of admission, or if the infant 
was in a medically critical condition at the time of 
admission. One hundred and twenty-two cases met 
the criteria for inclusion. 

Discharge diagnoses, as recorded by the house 
officer responsible for each case, were grouped into 
the following 4 categories. 


Group 1 FTT unexplained. In this group no final 
cause. either organic or environmental, was found 
for the growth failure. 
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Group 2 FTT environmental. This group comprised 
children whose FTT was directly attributed to an 
adverse social or physical environment. 


Group 3 FTT specific diagnosis. This group com- 
prised children whose FTT was attributed to a named 
physical dysfunction, whether functional or ana- 
tomic. For those with specific diagnoses, two sub- 
groups were defined. Subgroup A comprised 
children with apparent disorders of gastrointestinal 
function, in whom growth failure seemed secondary 
to the chronic loss of nutrient through vomiting and 
diarrhoea, but who did not have a specific structural 
abnormality identified during their time in hospital. 
For these children, the discharge diagnoses often 
amounted to the re-naming of a symptom noted on 
admission—for example, FTT secondary to gastro- 
oesophageal reflux, or FTT secondary to chronic 
diarrhoea. Subgroup B comprised children who had 
specific evidence of a known disease entity dis- 
covered during their duration in hospital. Their 
discharge diagnosis was the name of that disease. 


Group 4 not FTT. A few children were admitted for 
the diagnosis of FTT but were finally judged to have 
normal growth. 

In further analyses, these diagnostic groups serve 
as the major divisions of the cases in our study. 
These causal assignments are limited by the fact that 
they were subjective, but we believe that the diag- 
nostic impression at discharge, although imperfect. 
is the best measure available of the diagnostic out- 
come of admission to hospital as it affects subsequent 
medical management. 


Results 


The distribution of discharge diagnoses in our series 
is shown in Table 1. Overall, 34° had no diagnosis 
at the time of discharge, 32% had FTT ascribed to 
an environmental aetiology, and 31% were given a 
specific diagnosis. Of this last group, two-thirds had 
a functional gastrointestinal disorder (group 3A) 
and one-third had a specific structural disease 
(group 3B, Table 2). In the 38 children whose FTT 
was attributed to an organic process, the gastro- 
intestinal tract was the site of that process in 31 
(82%). The distribution of diagnoses among the 
children with the most profound FTT was not 
statistically different from that for the remainder of 
the study group. 


Admission characteristics. Three of the features noted 
on the admission histories were associated with 
ultimate diagnosis: Medicaid eligibility, growth 
pattern before admission, and history of vomiting. 
Birthweight, prematurity, and age at admission were 


Table 1 Discharge diagnoses in 122 infants 


Total children 





Discharge diagnostic category No po 
Se ne, a ee 
1 Unexplained 41 34 
Unknown (33) 
Constitutional (8) 
2 Social-environmental 39 32 
Social deprivation (22) 
Malnutrition (17) 
3A Functional gastrointestinal 26 21 
Oesophageal reflux (16) 
Chronic diarrhoea (10) 
3B Specific structural 12 10 
4 Not failure to thrive 4 3 


SSE 








Table 2 Specific structural causes of failure to thrive 


Discharge diagnosis No of children 

















Partial intestinal obstruction 3 
Pyloric stenosis (2) 
Malrotation (1) 

Urinary tract infection 

Tuberculosis 1 ~ 

Neurological 
Leigh’s disease (1) 
Cerebral palsy (1) 

Coeliac disease 2 

Hypercalcaemia 
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not statistically associated with discharge diagnosis. 

Medicaid-eligible families are those who, because 
of poverty or certain forms of disability, qualify for 
governmental payment for personal health care. In 
this study, Medicaid eligibility is used as an indicator 
of low socioeconomic status. Although Medicaid 
was the payment source for 29 °% of cases, Medicaid- 
eligible children accounted for 43 °% of those with the 
discharge diagnosis of socioenvironmental FTT 
(P<0-02). 

Composite pre-hospital growth data on each diag- 
nostic group were assembled and superimposed on 
the Boston anthropometric chart. The composite 
growth curve of the group with FTT unexplained at 
discharge (group 1) showed that these infants were 
following normal growth channels, although dis- 
placed downwards from the 3rd centile. In effect, 
they were growing at a normal rate, but were small. 
similar to children with genetic short stature. 
Children in group 2 with presumed environmental 
deprivation were characterised by an aggregated 
growth curve further below the 3rd centile than that 
of group 1, and deviating progressively with age from 
the normal channels. Children in group 3A, those 
with chronic diarrhoea or gastro-oesophageal reflux, 
had the most strikingly deviant growth curves in 
aggregate. Babies with the ultimate diagnoses sug- 
gesting oesophageal reflux seemed abnormal almost 
from birth, with curves of nearly flat slope, deviating 
progressively from normal channels beginning very 
early in their lives. The group with chronic diarrhoea, 
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on the other hand, appeared to grow well during the 
first 6 months of life, and then to deviate suddenly 
and markedly from normal with nearly ‘horizontal’ 
growth records from age 6 months onwards. These 
various growth patterns are matters of impression 
based on aggregated group data, but suggest that 
children with different causes of growth disturbances 
may have different longitudinal patterns of growth. 
Whether such different patterns reflect differences in 
the time of onset of the underlying condition is a 
question not settled by the data available to us. 

A history of recurrent vomiting was unevenly dis- 
tributed among diagnostic groups. Of the 19 
children admitted with the chief complaint of FTT 
and vomiting, 60% were in group 3 at discharge 
compared with 26% of non-vomiters (P<0-01), and 
all specific diagnoses among vomiters affected the 
gastrointestinal tract. 


Hospital course. Some investigators have suggested 
that one may distinguish environmental from organic 
FTT by observing growth in a therapeutic environ- 
ment—that those with environmental causes will 
gain, and those with organic disease will not. To test 
that observation, we recorded in-hospital growth for 
each of our diagnostic groups. On this variable, 
individual performance was erratic. Among children 
with socioenvironmental diagnoses, more children 
gained than lost weight during their time in hospital, 
but there were gainers and losers in each diagnostic 
group, and the hospital course was not generally a 
reliable indicator of the discharge diagnosis. 
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Laboratory investigations. Altogether 4827 tests of 
126 different types were performed on 122 children in 
our series, or 39-6 tests per admission. The average 
admission lasted nine days. Tests accounted for 
24%, of the total costs of admission to hospital. 


Analyses of the yield of these laboratory investiga- 
tions focused on the information content of positive 
or abnormal results. No attempt was made to assess 
the undeniable value of negative or normal tests 
used to ‘rule out’ worrying diagnostic possibilities. 

No single test discriminated non-specifically but 
reliably between organic and non-organic diagnostic 
groups. Although many abnormalities were noted, 
most tests did not contribute to diagnostic classifica- 
tion. Liver function test abnormalities for example, 
which occurred at least once in more than 75% of 
our sample, were no more common in one diagnostic 
group than in another. Other tests commonly found 
to be abnormal but not specific were bone age, micro- 
scopical stool fat and fibre, and endocrine tests 
(including measures of thyroid function and glucose 
metabolism). 

Abnormal tests did assist diagnosis in a few cases. 
Table 3 summarises all instances in which a specific 
laboratory test abnormality contributed to a specific 
disease diagnosis. If either of two physician re- 
viewers (DMB or JCL) believed that an abnormality 
contributed to an understanding of a child’s disease, 
the result was included in Table 3, even if redundant 
with other information. 


In 19 (16%) of the 122 cases a test abnormality 


Table 3 Test abnormalities useful in diagnosing the cause of FTT 








Cases with 
Diagnostic group No positive test 
a ŘŘMMI 
2 Socioenvironmental 39 1 
3A Gastro-oesophageal reflux 26 6 


or chronic diarrhoea 
3B Specific diseases 
Structural bowel disease 3 3 


Coeliac disease 2 2 
Urinary tract infection 3 3 
Neurological disease 2 2 
Idiopathic hypercalcaemia 1 1 


Tuberculosis 1 1 


Number of 

positive tests Test types positive 

1 Bone x-ray, films (1) 

6 Upper gastrointestinal series (4) 
Intestinal biopsy (2) 


5 Upper gastrointestinal series (2) 
Barium enema (1) 
Abdominal x-ray film (1) 
Laparotomy (1) 

6 Intestinal biopsy (2) 
Upper gastrointestinal series (1) 
Abdominal x-ray film (1) 
Carotene (1) 
Folate (1) 


8 Urine culture (3) 
Intravenous pyelogram (2) 
Voiding cystourethogram (2) 
Urine analysis (1) 

5 Skull x-ray film (2) 
Electroencephalogram (1) 
Electroretinogram (1) 
Sonar scan (1) 

6 Calcium (3) 
Electrocardiogram (1) 
Intravenous pyelogram (1) 
Bone x-ray film (1) 


2 Chest x-ray film (2) 
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was Of positive use in elucidating the cause of FTT. 
In these 19 cases, a total of 39 tests, or 0-8°% of all 
tests done, made a positive contribution by these 
criteria. Studies of the gastrointestinal tract pre- 
dominated in this accounting, with upper gastro- 
intestinal series, intestinal biopsy, and abdominal 
x-ray films accounting for 13 (33%) of the 39 tests. 

Since some laboratory tests were presumably ob- 
tained to assist in the management of acute inter- 
current conditions—such as fever or diarrhoea— 
cases were individually reviewed to assess the 
usefulness of abnormal results for any purpose other 
than diagnosis of FTT. One hundred and seventy- 
four tests, or 3-6% of all tests done, were of some 
value in detecting or managing abnormalities other 
than FTT. Haematocrits in the diagnosis of anaemia 
were the most commonly useful tests and accounted 
for 60% of all useful investigations. Overall, ex- 
cluding haematocrits, a total of 112 abnormal tests, 
or 2-5% of all non-haematocrit tests done, were of 
assistance in either diagnosing FTT or managing a 
concurrent condition. 


Discussion 


Our review of one hospital’s recent experience in the 
inpatient evaluation of FTT shows a predominance 
of non-organic aetiologies underlying the growth 
failure among children who had no specific disease 
evident at the time of admission. Barely 1 child in 3 
received a physical diagnosis after hospital evalua- 
tion, and two-thirds of those who were so labelled 
were thought to have functional gastrointestinal 
disturbances (oesophageal reflux or non-specific 
chronic diarrhoea), which may have a strong en- 
vironmental component. In the series as a whole, 
only one child in 10 was found to have a specific 
structural disease other than gastro-oesophageal 
reflux or diarrhoea. This pattern was not significantly 
different even among children with the most pro- 
found growth failure. 

Gastro-oesophageal reflux was the most common 
single specific diagnosis in our sample. Predictably, a 
history of vomiting was strongly associated with this 
diagnosis, as well as with structural bowel anomalies. 
and our review suggests that vomiting should serve 
as a target to guide initial diagnostic study. 

The association noted between Medicaid eligibility 
and the diagnosis of socioenvironmental deficiences 
is easy to misinterpret. Although poverty has been 
linked in other series with non-organic FTT, the 
finding may simply reflect a tendency to label the 
poor as neglectful or inept parents when no other 
cause for FTT is discovered. Pollitt’s!® controlled 
series of children with FTT did find more poverty 
among cases than among comparison families, but 


the association was not striking. Recent research 
suggests that non-organic FTT is more fruitfully 
viewed as a dynamic interactional problem in the 
mother-child dyad instead of as simply an abnormal- 
ity of the child or an inadequacy of the parent or 
environment. Such interaction also helps to explain 
why some children with physical disease or func- 
tional intestinal problems fail to thrive while others 
with similar physical problems cope well and grow, 
or why one child in a family fails while siblings are 
not affected. 

Our series suggests that the hospital laboratory 
holds very limited promise in elucidating FTT. In 
these cases, fewer than 1°% of the tests showed ab- 
normalities which helped to explain the cause of 
FTT, affecting diagnoses in only 16% of the children 
(findings which conform closely to those of Sills).® 
Laboratory and radiological study of the gastro- 
intestinal tract was more frequently productive of 
diagnostic information than other types of study. We 
did not estimate the undeniable value of some tests 
in ruling out diagnoses of concern. 

Our observations should be treated with caution. 
We have no assurance that our sample is representa- 
tive of infants in hospital elsewhere, and our assign- 
ment of cases to diagnostic categories based on 
discharge notes dictated by a large number of house- 
officers cannot be subjected to adequate tests of 
inter-observer reliability nor are they of predictive 
validity. Prospective studies are needed to validate 
these diagnostic classifications by more objective 
criteria and to supply information on the variations 
in the natural history and outcome of different 
diagnostic subgroups. 

In terms of achieving diagnostic certainty, our 
findings challenge the usefulness of current inpatient 
strategies. There may have been benefits not assessed 
by our methods—such as reassurance to parents, 
nutrition education or, in a few cases, the initiation 
of legal steps concerning the child’s care—but, on 
the whole, the volume of laboratory investigation 
and the apparent aggressiveness with which organic 
explanations were pursued without much success 
suggests an imbalance in the attention of the 
responsible physicians. If the reason for FTT is 
unknown, and if careful and thorough initial history 
taking and examination fail to offer clues about 
underlying disease, the pursuit of organic diagnosis 
should be tempered by increased attention to the 
nurturant interactions of parents and child. That 
attention can be diverted and those interactions 
can be distorted by a hospital that places too much 
emphasis on the search for unitary causes of a highly 
complex problem. 
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SUMMARY A questionnaire relating to smoking habits, respiratory symptoms, and health attitudes 
was administered to schoolchildren aged between 11 and 17 throughout a defined geographical area 
in both 1975 and 1979, with a valid response from 10 498 and 12 002 young people respectively. 
Each cohort was almost entirely different. The results suggest that although the prevalence of 
regular smoking has decreased in boys from 16 to 13 % it has increased in girls from 13 to 14 Yo, and 
that at all ages more girls smoke than boys. However despite the fall in the prevalence of regular 


smoking in boys there has been an overall increase 
regular smokers predominantly smoke middle ta 


in cigarette consumption. Young people who are 
r cigarettes while among experimental smokers 


there is a high incidence of low tar smoking, which might suggest that such cigarettes facilitate the 


taking up of the habit by children. The previous] 
respiratory symptoms was confirmed. During the 


y described relationships between smoking and 
4-year study period young people’s knowledge of 


the associated links between smoking and heart disease and stroke has increased appreciably. It is 
suggested that specific health education during the years 197 5-79 has not been successful, and there 


is the need for research. 


During the last 5 years a large amount of anti- 
smoking propaganda has continued to appear in the 
UK and much of it has been directed towards young 
people and the social aspects of the smoking habit. 
In addition health education in schools is being 
given more prominence and some of this will also be 
devoted to the subject of tobacco smoking. This 
emphasis on smoking and young people has been 
the result of increasing awareness of the prevalence 
of smoking in the younger age groups! together with 
the importance which this early initiation into the 
habit has with respect to persistent adult smoking 
and its associated early morbidity and mortality. The 
immediate effects of cigarette smoking on the health 
of young smokers is also being increasingly 
recognised.” 

In 1975 we surveyed by self-administered question- 
naires the smoking habits, together with respiratory 
symptoms and knowledge of smoking-associated 
health risks, of 10 498 schoolchildren attending the 
outer London borough of Hounslow secondary 
schools.” 3 By 1979 it became of interest to resurvey 
the equivalent population of schoolchildren within 
the same borough. We planned to establish whether, 
during the intervening 4-year period, there had been 
any change in smoking prevalence or increase in the 


proportion of young people who associate smoking 
with certain diseases. 


Method 


The outer London borough of Hounslow is a largely 
urban area with industry centering around London’s 
Heathrow airport. There is a broad spectrum of 
social class. The state secondary school population 
of the borough is contained within 15 schools of 
which 9 may be classified as mixed comprehensive, 2 
as boys-only comprehensive, 2 as girls-only com- 
prehensive, and one each of single-sex grammar 
schools. Despite the general trend towards com- 
prehensive education this distribution of schoo] types 
remained throughout the 4-year study period. 

Thirteen schools took part in each of two cross- 
sectional studies. One of the mixed comprehensive 
schools did not participate in either survey while a 
further mixed comprehensive school took part in the 
second survey but not in the first, and one of 
the girls-only comprehensive schools took part in the 
first survey but not in the second. 

The study protocol was identical for both surveys. 
Details of the project were circulated to children’s 
parents who were given the Opportunity both of 
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secing the questionnaire and of withdrawing their 
child from the study. The questionnaire was ad- 
ministered in the schools during the last week in 
March 1975 and again during the first week in April 
1979. It was answered anonymously under the super- 
vision of form teachers. On completion of the 
questionnaire each child sealed his or her response 
in a plain envelope to ensure confidentiality and the 
envelopes were collected from the school the same 
day. Each questionnaire was finally scrutinised to 
ensure that it had been completed satisfactorily and 
could be transcribed to punch cards for computer 
analysis. 

Although the 1975 survey had been extensively 
analysed and reported it was decided that in order 
to maximise comparability between the two studies 
further analyses would be performed simultaneously 
on both studies using identical computer programs. 
These were performed on the ICL 1906 S computer 
at Queens University of Belfast computer centre 
using a statistical package for the social sciences 
(SPSS).* 


Statistics. Statistical analyses have been performed 
using a x” test to analyse group data. Comparisons 
between the two surveys have been performed by 
manually constructing an r x 2 contingency table 
from the SPSS outputs and then applying the y? 
test. x? values with more than 1 degree of freedom 
were partitioned according to the method described 
by Maxwell. To compare the responses of non- 
smokers with those of regular smokers, correcting 
for age differences, the age series of 2 x 2 con- 
tingency tables has been pooled using Cochran’s 
method! which is based on a weighted mean of the 
differences between the proportions in each group. 
The level of significance has been taken as P<0-05. 

Discrepancies in the various analyses were found 
in the total number of children. This arose entirely 
because small numbers of children (<1 %) failed to 
respond to isolated questions (for example, age) 
within an otherwise valid questionnaire. 


Results 


From the first cross-sectional study in 1975 a total of 
10 498 valid questionnaires was obtained for an- 
alysis, representing a response rate of 77-8% of the 
total number of children within the secondary school 
population at that time. The 1979 cross-sectional 
survey yielded a total of 12 002 valid questionnaires 
representing a response rate of 83-5%. 


Smoking rates. Children were asked to place them- 
selves in one of the following categories: (a) I have 
never smoked a cigarette; (b) I have tried a cigarette 
once; (c) I smoke occasionally but not as much as 1 
a week; (d) I used to smoke but J do not at all now; 
(e) I usually smoke between 1 and 6 cigarettes a 
week; (f) I usually smoke at least 7 cigarettes a week 
but fewer than 40; (g) I usually smoke morethan 40 
cigarettes a week. To simplify analyses and to enable 
comparisons to be made with other studies these 7 
categories were reduced to 4 for most analyses (1) 
non-smoker (a); (2) experimental smoker (b and c); 
(3) ex-smoker (d); (4) regular smoker (e, f, and g). 

The numbers of boys and girls in these 4 categories 
are shown for both studies in Table 1. In 1975 about 
15% admitted to regular smoking (16-3% of boys 
13-3% of girls) while in 1979 the figure was about 
13-5% (3-1% of boys 13-7% of girls). A com- 
parison of the distribution of smoking habits be- 
tween the two studies shows that there is a significant 
difference (x? = 33-68, 7 df, P<0-001). Partitioning 
the x? value indicates that there is no significant 
difference between the studies in the distribution of 
boys and girls and neither is there any difference in 
the distribution of smoking categories within the 
girls. The major significant difference lies within the 
distribution of smoking categories within the boys 
(x? = 28-54, 3 df, P<0-001) and this is principally 
due to a change in the prevalence of regular smoking 
which has fallen from 16 to 13%. 

Table 2 shows, for the regular smokers, the cigar- 
ette consumption for boys and girls in the two 


Table 1 Distribution of boys.and girls between the four groups—non-smokers, experimental smokers, 


ex-smokers, and regular smokers—for the two studies 


Percentage of children 
Cross-sectional study 
Nomasamokers Experimental smokers Ex-smokers Regular smokers 
First (1975) 
Boys (n = 5594) 35.3 33-3 14-8 16-3 
Girls (n = 4819) 43.5 30-9 12-3 13-3 
Second (1979) 
Boys (n = 6376) 35-5 36-5 14-9 13-1 
Girls (n = 5540) 41-6 31-9 12-8 13-7 
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Table 2 Extent of smoking in regular smokers in boys 
and girls for the two studies 





Cross-sectional Percentage of children 


study ee 
1-6 7-40 40 +- 
cigarettes] cigarettes] cigarettes! 
week week week 
eee 
First (1975) 
Boys (n = 912) 33-6 35-6 30-8 
Girls (n = 640) 35-1 41-1 23-8 
Second (1979) 
Boys (n = 836) 26-8 40.2 33-0 
Girls (n = 759) 32-3 45-6 22-1 
————————— eee 


studies. In both studies 28% of the regular smokers 
admit to smoking more than 40 cigarettes per week. 
Comparing the studies indicates a significant differ- 
ence (x? = 25-2, 5 df, P<0-001); partitioning and 
excluding the differences between boys and girls 
shows that there has been no significant change in the 
distribution of cigarette consumption within girls 
(x? = 2-8) while in boys there has been a significant 
change (%* = 9-84, 2 df, P<0-001) which from the 


figures given in Table 2 would appear to be in the 
direction of an overall increase. 

A breakdown of smoking habit by age in years 
over the two studies is shown for boys in Table 3 and 
for girls in Table 4. In both tables pupils aged 17 
years and over are grouped together. The prevalence 
of smoking in both boys and girls increases up to the 
school-leaving age of 16 years, and this is apparent 
in both studies. Comparing the two studies indicates 
highly significant statistical differences between them 
for both genders (y? = 129 for boys, x” = 120 for 
girls, both on 27 df); however partitioning shows 
that these differences in boys are to a large extent 
due to differences in age distributions ye = G2, 
6 df) while in girls they are completely accounted for 
by different age distributions (y? = 100, 6 df). In the 
case of boys detailed partitioning indicates that there 
are significant differences in smoking habit at all ages 
(except age 11 years) and that this is consistently due 
to a decrease in the prevalence of regular smokers. 
There is a smaller, and less significant, increase in the 


Table 3 Distribution of boys between the four groups—non-smokers, experimental smokers, ex-smokers, 


and regular smokers—with respect to age 


Cross-sectional study Age (years) Total number 


Percentage of children 


eee 


Experimental 
Non-smoker smoker Ex-smoker Regular smoker 
First (1975) 11 569 49.2 33-9 12-3 4-6 
12 1108 40-4 34-2 17-1 8-2 
13 1081 34-0 35-0 16-3 14-7 
14 1036 27-7 35-2 17-7 19-4 
15 854 31-3 28-8 13-7 26-2 
16 558 32-6 31-9 11-6 23-8 
17+ 344 38-1 34-9 7-0 20-0 
Second (1979) ll 461 52:7 31-5 11-9 3-9 
12 1175 45-4 35-8 14-4 4-3 
13 1231 35-3 39-0 16-7 9-0 
14 1124 29-4 37-3 17-5 15-8 
15 1176 29-2 34-2 15-6 21-1 
16 732 29-9 35-2 13-3 21-6 
17+ 33-0 42-0 8-9 15-7 
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Table 4 Distribution of girls between the four groups—non-smokers, experimental smokers, ex-smokers, 


and regular smokers—with respect to age 


Percentage of children 


Cross-sectional study Age (years) Total number 


$n ge 





Experimental 
Non-smoker smoker Ex-smoker Regular smoker 
First (1975) l1 481 65-5 24-1 7-3 3-1 
12 1063 54-6 30-2 10-7 4.5 
13 964 42-1 30-9 15-5 11-5 
14 858 36-1 30-8 12-9 20-2 
15 673 32-7 30-2 14-1 23-0 
16 515 28-7 37-5 11-8 21-9 
17+ 242 44.2 36-4 9.1 10-3 
Second (1979) 11 379 60-2 26-1 10-8 2-9 
12 1051 51-7 30-8 12-6 4-9 
13 988 40-6 32-6 15-0 11-8 
14 990 35-8 32-8 14-1 17-3 
15 978 33-3 30-6 13-3 22.8 
16 696 35-5 33-3 12-5 18-7 
2 


a 
=- 
S 
Ja 
in 
w 
w 
w 
o0 
m 
A 


$ 


Cigarette smoking among secondary schoolchildren 1975-79 355 


prevalence of experimental smokers; the prevalence 
of non-smokers is not significantly different. 
Regular smokers were asked to record whether 
they normally smoked the same brand of cigarettes 
and, if so, to state the name of the brand. Although 
subject to error the brands given were coded accord- 
ing to the five tar categories published by the 
laboratory of the Government Chemist’ and current 
at that time (that-is May 1975 and May 1979). The 
results for the two studies are shown for regular 
smokers in Table 5. Overall about 70% of regular 
smokers stated that they generally smoked the same 
brand and this was in contrast to the experimental 
smokers for whom the figure was about 35%. Of the 


` regular smokers apparently showing brand loyalty, 


about 85% in both studies were smoking a middle 
tar cigarette; in 1975 the majority of the remainder 
were smoking products from within the low-middle 
tar category while in 1979 the low tar category con- 
tained 6% of brand-loyal, regular smokers with an 
equivalent reduction in the low-middle tar group. 


Respiratory symptoms. Children were asked to indi- 
cate the most appropriate of the following state- 
ments. I hardly ever cough; I cough a little on most 
days; I cough a little every day. In addition they were 
asked to respond—yes or no—to the following 
questions. Do you often suffer from a coid?; When 
suffering from a cold, do you normally cough up 
phlegm (spit)?; Do you get short of breath when 
hurrying on level ground or walking up a slight hill? 

We have previously presented a detailed analysis 
of such respiratory symptoms by gender, age, and 


smoking category for the first (1975) cross-sectional 
study. In summary the results showed that those 
children who smoked regularly had a higher pre- 
valence of upper respiratory tract infections and a 
higher incidence of the respiratory symptoms, cough, 
phlegm production with a cold, and shortness of 
breath, compared with non-smokers. An equivalent 
analysis of the second (1979) cross-sectional study 
shows a similar pattern of results and, after correc- 
tion for differences in age distribution and differences 
in smoking pattern, a comparison between the two 
surveys shows only few significant differences be- 
tween them. A summary of the prevalence of these 
‘symptoms’ together with relevant statistics is given 
for the two studies in Table 6. 


Awareness of association between smoking and certain 
diseases. Pupils were asked to indicate, from a list of 
diseases, those which they considered could be 
caused by smoking. The list consisted of the follow- 
ing conditions: appendicitis, chestiness (wheezing), 
heart Gisease, stroke, lung cancer, deafness, and 
bronchitis. Appendicitis and deafness were included 
in an attempt to prevent children ticking every con- 
dition indiscriminantly; in fact fewer than 1% from 
each study ticked everything. 

The proportion of children indicating a positive 
response for each of the conditions by gender and 
smoking group for the two studies, together with 
relevant statistics, is given in Table 7. Once again a 
very similar pattern of results can be observed be- 
tween the two studies and there are no significant 
differences between them in terms of non-smoker/ 


Table 5a Percentage of regular smokers normally smoking the same brand of cigarettes and the tar category 


of that brand for both studies and by gender 


Yo Of regular % smoking 
Cross-sectional study smokers normally 
smoking same brand Low tar Low-middle tar Middle tar Other products 
First (1975) 
_ Boys 71-3 0-2 12-0 84.5 3.3 
Girls 73-2 0-2 16-9 81-4 1°5 
Second (1979) 
Boys 70-4 6-1 7.0 86:7 0-2 
Girk 70-5 5-5 5-3 89-2 0 





Table 5b Percentage of experimental smokers normally smoking the same brand of cigarettes and the tar category 


of that brand for both studies and by gender 


% of experimental % amok ing 
Cross-sectional study smokers normally 
smoking same brand Low tar Low-middle tar Middle tar Other products 
First (1975) 
Boys 27-4 3-3 15-7 75-8 4-2 
Girls 40-5 3-5 21-3 69.5 5-7 
Second (1979) 
ys 35.3 16-1 6.5 TI- 4 0 
Girls ; 39-1 22-1 5-0 72.9 0 
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Table 6 Prevalence of cough, frequent ‘colds’, phlegm with ‘cold’, and effort dyspnoea for non-smokers and regular 


smokers by gender in the two studies 





Non-smokers 


Cross-sectional study 





Mean weighted difference 
Non-smokers v regular smokers 


Regular smokers 





Boys% Girls% Boys% Girls% Boys% Girls % 
First (1975) 
Cough 
Hardly ever 77-1 78-4 58-5 60-2 21* 22* 
A little on most days 18-2 17-1 26-8 25-0 10* 10* 
A little every day 4-7 4-5 14-7 14-8 Le 12* 
Often suffer from cold 32-5 34-7 40-0 46-5 9+ 13* 
Phlem with cold 26-3 20-3 55-5 42-9 28* 23* 
Short of breath on exertion 14-3 22-0 25-5 44-8 14* 25* 
Second (1979) 
Cough 
Hardly ever 77-7 78-5 52-1 53-9 30*7 28* 
A little on most days 17-0 16-6 32-0 30-6 L7*F 16** 
A little every day 5-3 4-9 15-9 15-5 i> 12* 
Often suffer from cold 36 +3 39-5 42-3 51-3 8* 13* 
Phlegm with cold 27-0 23-3 60-8 50-4 34* 28* 
Short of breath on exertion 12-4 20-2 23-0 39-3 14* 20* 


*Difference significant P<0-001 (Cochran’s test). 


tResult significantly different from first cross-sectional study P <0-05 (¢ statistic). 


Table 7 Reported knowledge that smoking causes the following diseases, by gender, in the two studies 


Non-smokerst 


Cross-sectional study 


Mean weighted difference 


Regular smokers 
Non-smoker v regular smokers 





Boys% Girls% Boys% Girls% Boys% Girls *% 
First (1975) 
Appendicitis 4-6 3-3 3-7 1-7 0 l 
Chestiness 80-9 82-1 83-3 90.1 l 3 
Heart disease 52-1 48-2 44.1 45-5 10* 4 
Stroke 15-6 14-0 14-7 14-3 | 2 
Lung cancer 92-1 91-9 89-3 90-9 3* 4* 
Deafness 3-4 3-5 2-6 2-5 0 l 
Bronchitis 64-2 63-5 68-3 80-8 2 8* 
Second (1979) 
Appendicitis 5-4 1-3 3-9 1-2 1 l 
Chestiness 77-4 80-3 79-9 88-7 2 5* 
Heart disease 63-OF 61-87 54-87 53-47 9+ 8* 
Stroke 24-94 23-1t 22-67 20-0t 3 l 
Lung cancer 94-0 95-3 89-8 93-3 5* 3* 
Deafness 4-1 3-2 3-3 3-0 0 1 
Bronchitis 64-3 67-8 72-3 78-9 0 3 





*Difference significant P<0-01 (Cochran’s test). 


tResult significantly different from first cross-sectional study, P<0-001. 


smoker differences. The non-smokers appear to be 
more aware of the association with heart disease and 
lung cancer but the girls who smoke are more aware 
of the relationship between smoking and chestiness/ 
bronchitis. Further analysis of the results by age 
indicates that there is, in both studies, a high degree 
of knowledge about lung cancer over the age range, 
while knowledge of other major conditions related to 
smoking tends to increase with age. 

Despite the similarities in the overall pattern of 
results there are significant differences in the degree 
of knowledge for two of the conditions listed. The 
percentage of children linking smoking with heart 
disease has increased from 48 to 58% between 1975 
and 1979 while the association between smoking and 


stroke has also risen from 16 to 22%. In both cases 
the percentage rise is fairly constant across all the 
smoking categories. 


Discussion 


We have obtained results relating to the smoking 
habits, prevalence of respiratory symptoms, and 
knowledge of health hazards linked to cigarette 
smoking in two cross-sectional studies, with an 
intervening period of 4 years, through the secondary 
schools of a defined geographical area. 

For the purposes of analysis and discussion the two 
studies are considered in all respects comparable and 
independent of one another. In strict terms these 
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assumptions are incorrect. The studies are not com- 
parable as the 13 schools taking part in each were 
not the same, one school being unique to each survey. 
However, separate analyses of the results have been 
performed to compare these schools with their re- 
maining study populations on the major independent 
variables and these would indicate no significant 
differences between them. 

The two studies are not independent of one an- 
other as those children in the school Ist and 2nd 
forms in 1975, at the time of the first study, would be 
in their 5th and 6th forms during the second, 1979 
survey. As the questionnaires were answered an- 
Onymously an unknown number of children will be 
represented in both surveys. 

We do not believe that these factors significantly 
affect or invalidate our analyses or conclusions. 
Within our study area we found that 15% of the 
secondary school population were smoking regularly 
(at least one cigarette a week) in 1975 and that 13% 
were smoking regularly in 1979, a fall of 1-5°%. The 
prevalence varied widely with age, increasing steadily 
from 3-4% at age 11 years up to 20-25% at 16 
years, the minimum school leaving age, and there- 
after tending to fall. This fall is almost certainly 
related to the inverse association between smoking 
and academic achievement.! 

The results, comparing the smoking rates between 
the genders, would confirm and support conclusions 
reached from previous large-scale studies, in that 
there is a continuing fall in the smoking rates for 
boys—16-3% in 1975, 13-1% in 1979—while for 
girls there has been little change or even an increase 
—13-3% in 1975, 13-7% in 1979. It is interesting to 
note that for the first time, at all ages between 12 and 
15 years the smoking rates of girls in 1979 exceed 
those of the boys. 

While these results are in general agreement with 
the trend in smoking habits deduced from the analysis 
of a series of studies performed during the last 
20 years employing widely different study designs 
they do not agree with the data from a comparable 
study performed by Banks eż a/.8 in Derbyshire. In 
that study 11 to 12 and 14 to 15-year-old children, in 
randomly selected secondary schools, were screened 
in 1974 and then again in 1977. The results suggested 
that during this period boys’ smoking habits re- 
mained constant but that of the girls showed a 
significant decline.’ Other significant differences 
between the present study and the Derbyshire study 
can be noted; in particular our results indicate an 
increase in the prevalence of children experimenting 
with smoking rather than a decrease as in the 
Derbyshire study. Although the differences between 
these studies cannot readily be explained, the overall 
findings do not indicate that the incidence of smoking 


in young people is diminishing. This can be under- 
lined by considering changes in cigarette consump- 
tion levels, for although the prevalence of smoking 
in boys may be declining and that in girls stabilising, 
the number of cigarettes being smoked by the regular 
smokers is in general increasing. In 1979 we find that 
73% of boys and 68% of girls who are regular 
smokers are smoking on average at least 1 cigarette 
a day and this compares with 66 % of boys and 65% 
of girls in 1975. 

The analysis of the tar category of cigarettes 
smoked by those regular smokers who normally 
smoke one brand of cigarette would suggest that 
although the majority of young people are smoking 
middle tar products an increasing number are smoking 
low tar cigarettes. However the increase from less 
than 1% in 1975 to 6% in 1979, which is at the ex- 
pense of low-middle tar smoking rather than middle 
tar smoking, is probably owing to the relative in- 
crease in the low tar sector of the market secondary 
to the reduction of tar levels in popular brands 
marketed as low-middle tar in 1975 together with the 
increasing number of new low tar brands introduced 
into the market. It is interesting to note that the 
levels of low tar smoking by young people are well 
below the estimated levels of about 4°% and in? 
respectively for the adult populations in 1975 and 
1979, and this would support the observation that 
young people generally prefer moderately ‘high- 
yield’ cigarettes.!° It has been suggested!" that low 
tar cigarettes might facilitate taking up the smoking 
habit by young people as such cigarettes would re- 
duce the aversive physical response to early smoking 
episodes that might otherwise deter from taking up 
the habit. The results from the small proportion of 
experimental smokers who smoke a single brand of 
cigarette, in the present study, might support this 
suggestion, in that far more of them (about 20% in 
1979) are smoking low tar cigarettes. 

The analysis of respiratory symptoms and smoking 
habits shows a remarkable consistency between the 
two studies, thus stressing the strength of the re- 
lationships. Young people who are regularly smok- 
ing, even at age 11 years, show a significantly higher 
incidence of cough and phlegm production, admit to 
more exertional dyspnoea, and state that they suffer 
more often from respiratory tract infections than the 
non-smokers. At the same time the study results 
show an increasing knowledge of the smoking- 
associated health conditions and in particular of the 
relationship with heart disease. It is interesting that 
although knowledge of the associations between 
smoking and lung cancer remains high and while 
knowledge of the association with heart disease 
(stroke) increases, the reported knowledge of the 
association with ‘chestiness’ and bronchitis remains 
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steady at about 75%. This last association is present 
in the young people when they are young, and 
therefore knowledge of it would be most relevant to 
their attitude to smoking. 

It becomes increasingly apparent that specific 
health education relating to future mortality/ 
morbidity statistics of the smoking associated 
diseases does not deter children from taking up the 
smoking habit or encourage those who are already 
regular smokers to give up. There would appear to 
be considerable need for research into the most 
appropriate form of health education. 


We thank Dr R L Linden, Area Medical Officer, 
Mr P J Lee, Director of Education, Dr G Webster, 
Specialist in Community Medicine (Child Health), 
and their staff; secondary school head teachers and 
their staff; all parents and children within the 
borough of Hounslow whose co-operation made 
this study possible; Dr K MacRae, senior lecturer 
in medical statistics, Charing Cross Hospital 
Medical School, for statistical advice. 
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Bone mineral homeostasis, bone growth, and 
mineralisation during years of pubertal growth: 
a unifying concept 


S KRABBE, I TRANSBOL, AND C CHRISTIANSEN 


Department of Paediatrics, Hillerad Hospital, Division of Endocrinology, Department of Internal 
Medicine, Hvidovre Hospital, and Department of Clinical Chemistry, Glostrup Hospital, Denmark 


SUMMARY Serum calcium, magnesium, proteins, phosphate, and immunoparathyroid hormone 
were measured in 338 normal children and adolescents aged between 7 and 20 years and in 123 
normal adults aged between 21 and 50 years. Protein corrected serum calcium and magnesium 
remained stable throughout the study. Despite hyperphosphataemia protein corrected calcium 
exceeded the concentrations of normal adults. Serum phosphate and the Ca x P product greatly 
exceeded adult values and fell rather slowly towards adult levels after the pubertal growth spurt. 


. Serum immunoparathyroid hormone tended to exceed normal adult values and was judged high 


for the level of serum calcium. Similarities between mineral metabolism in childhood and adolescence 
and in acromegaly were striking. On this basis and in the light of studies demonstrating stimulatory 
actions of gonadal hormones on growth hormone and of growth hormone on the secretion of para- 
thyroid hormone and 1,25-dihydroxyvitamin D,, a unifying concept is developed. This concept 
places growth hormone in the unique position of bemg the main driver and co-ordinator during 
childhood and adolescence of bone growth and mineralisation on the one hand, and of blood mineral 
homeostasis on the other. Gonadal hormones probably express some of their actions through 
stimulation of growth hormone secretion and.others by different mechanisms. According to this 
concept growth hormone is maintaining the Ca x P product at a suitable’ high level as long as 
growth hormone and gonadal hormones deliver bone matrix for mineralisation at a high rate. 


Bone development is governed by growth hormone, 
thyroid hormone, insulin, and nutrition, mainly 
through the actions of the somatomedins.? Recently 
we described three distinctly different phases of 
bone growth and mineralisation in normal children 
and adolescents.2 After a prepubertal phase of 
moderate growth velocity and little mineralisation 
the pubertal growth spurt, which coincided with a 
steep increase in serum testosterone in boys, indi- 
cated a short phase of grossly accelerated skeletal 
growth and mineralisation in both genders. During 
the following third phase linear growth took place 
at a low rate while intensive mineralisation con- 
tinued.? Thus, most of the minerals finally deposited 
in the skeleton traverse the blood stream during the 
last two phases of bone development. How this 
challenge to blood mineral homeostasis is met is not 
known in detail, but recent studies implicating 
growth hormone as a stimulator of parathyroid 
hormone secretion? and 1,25-dikydroxyvitamin D 


production** deserve attention. Previous studies in 
children and adolescents indicate favourable con- 
ditions for bone mineralisation—namely hyper- 
phosphatasia* 8 and hyperphosphataemia.’ °? Serum 
concentrations of immunoreactive parathyroid hor- 
mone (IPTH) are either high,!° high to normal," or 
normal,” while reports on serum calcium are more 
divergent. Compared with normal adult standardy 
high,?° * normal,’ 1 and low!® serum calcium con- 
centrations have been reported. 

Here we contribute information on the normal 
variation of serum calcium, magnesium, phosphate, 
and iPTH in groups of normal children, adolescents, 
and adults in order to substantiate the basis from 
which a unifying concept of bone growth and 
mineralisation and blood mineral homeostasis can 
be formulated. 


ji fs ý 
Normal children and adolescents. A total of 33 
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normal children and adolescents aged between 7 and 
20 years took part in the study. They were randomly 
selected from two schools in a suburban area. 
Pupils below age 18 years obtained written consent 
from their parents. All were in good health without 
symptoms of gastrointestinal or renal diseases. 
None took contraceptive pills or any other type of 
drug. 


Normal adults. Sixty normal women and 63 normal 
men aged between 21 and 50 years were randomly 
selected from the blood donor corps at Glostrup 
Hospital, serving the same suburban area. 


Methods 


Serum calcium and magnesium were determined by 
atomic absorption spectrophotometry (Perkin Elmer 
403), and serum proteins by refractometry. Serum 


Table 1 


calcium and magnesium were corrected to a constant 
level of serum proteins. Serum phosphate was 
measured colorimetrically and iPTH by a mainly 
C-terminal specific double-antibody radioimmuno- 
assay.'4 The coefficients of variation calculated from 
duplicate measurements were 1- 1 % for serumcaleium. 
| -2% for serum magnesium, 0-4 °% for serum proteins, 
1-0% for serum phosphate, 3-0% for serum alkaline 
phosphatases, and 4-3% in the case of iPTH. The 
analyses were performed either in all subjects or in 
randomly selected subpopulations thereof.* 

For statistical evaluation of group average 
Student’s ¢ test was used. 


Results 


Protein corrected serum calcium (Tables 1 and 2, 


* Tables giving the raw data are available on request. 


Average values of chemical variables in normal boys grouped according to the three phases of bone development. 


Average values of normal men are shown for comparison. Values are given as mean+ 1 SE of mean 


ees 


Chemical variables At growth 
spurt 


(13-14 years) 


Before growth 
spurt 
(7-12 years) 


After growth 
spurt 
(15-20 years) 


Men 
(21—50 years) 


Significance of difference (P) 





T3 1:4 3:4 


85558 M aM 


Serum calcium (uncorrected) 10-020- 04 10-14+0-04 
(mg/100 ml) 

Serum proteins 7-16+0-05 7-39+0-09 
(g/100 ml) 

Serum calcium (protein 10-21+4+0-03 10-20+0-06 
corrected) (mg/100 ml) 

Serum magnesium (protein 2:01+0-02 1-99+0-02 
corrected (mg/100 ml) 

Serum phosphate 4-55+0:-07 4-80+0-10 
(mg/100 ml) 

Serum-Ca x P product 47-30+0-94 49 -22+1-05 


Serum-iPTH (ug/1) 0-35+-0-02 0-34+0-01 


NS > 0-05. 


10-22+0-04 9-95+0-04 <0-001 NS <0-001 
7-55+0-05 7-67+0-05 <0-001 <0-001 NS 
10-20+0-03 9-89+0-04 NS <0-001 <0-001 
1-98+0-01 2-03+0-02 NS NS NS 
4-04+0-07 3-23+0-06 <0-001 <0-001 <0-001 
-19+0-64 32-154 <0-001 


O 


35+0-01 


Conversion: traditional to SI units—calcium: 1 mg/100 ml œ~ 0-250 mmol/l: magnesium: | mg/109 ml ~ 0-411 mmol/l; 


phosphate: 1 mg/100 ml œ% 0-323 mmol/l. 


Table 2 Average values of chemical variables in normal girls grouped according to the three phases of bone development. 
Average values of normal women are shown for comparison. Values are given as mean+-I SE of mean 


a 


At growth 
spurt 


Before growth 
spurt 


Chemical variables 


After growth 
spürt 


Women Significance of difference (P) 


(21-50 years) 





(7-10 years) (11-12 years) (13—20 years) 1:3 1:4 3:4 

Serum calcium (uncorrected) 10-0340-05 10-06+0-05 10-09+0-04 9-75+40-04 NS <0-001 <0-001 
(mg/100 ml) 

Serum proteins 7-37+0-07 7-40+0-07 7-46-+0-04 7-40+0-05 NS NS NS 
(g/100 ml) 

Serum calcium (protein 10-10-+0-04 10-12+0-06 10-11-+0-03 9-82+0-04 NS <0-001 <0-001 
corrected) (mg/100 ml) 

Serum magnesium (protein 1-98 +-0-02 1-99+0-03 2-00+0-01 2-00+0-02 NS NS NS 
corrected) (mg/100 ml) 

Serum phosphate 4-51+0-08 4-41+0-10 4-02+0-06 3-71+40-07 0-001 <0-001 <0-01 
(mg/100 ml) 

Serum-Ca x P product 46-71+0-65 44-71+1-01 40-71+0-58 36-20+0-81 <0-001 <0-001 <0-001 

Serum-iPTH (ug/l) 0-39+0-02 0-40+0-03 0-34+0-01 0-32+0-01 <0-05 <0-01 NS 


a aÁ 


NS > 0-05. 


Fig. 1) remains stable throughout childhood and 
adolescence, but at a level clearly exceeding that of 
normal adults (P<0-001). When compared with 
serum uncorrected calcium (Tables 1 and 2) it is 
noteworthy that protein correction reduces the intra- 
and intergroup variability. Protein corrected serum 
magnesium is constant and similar to that observed 
in adults. 

Serum phosphate exceeds adult levels at all ages 
and in both genders (Fig. 2). It reaches maximum 
values at 10 years in girls and at 12-14 years in boys, 
and decreases thereafter gradually towards normal 
adult values. These are reached at age 18 to 20 years 
in girls and probably later than 20 years in boys. 

The Ca x P product greatly exceeds that of 
adults (Tables 1 and 2) and follows the same pattern 
as the serum phosphate. For methodological reasons 
—in part at least—serum iPTH values scatter rather 
widely. No distinct pattern was observed (Fig. 3). 
Serum iPTH tended to exceed normal adult values. 


Discussion 


Together with recent reports’ 1-1? our observations 
established firmly that an ‘acromegaloid’ pattern of 
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Fig. 1 Serum protein corrected calcium (mean+ SEM) 


as a function of age in 178 normal boys (above) and 
160 normal girls (below) aged 7 to 20 years. Average 
values of 63 men (above) and 60 women (below) aged 21 
to 50 years are shown for comparison. 


Fig. 2 Serum phosphate (mean+ SEM) as a function 
of age. See legend to Fig. 1. 
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Fig. 3 Serum immunoreactive parathyroid hormone 
(iPTH) (mean+SEM) as a function of age in 105 
normal boys (above) and 98 normal girls (below) aged 7 
to 20 years. Average values of 29 normal men (above) 
and 37 normal women (below) aged 21 to 50 years are 
shown for comparison. 
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mineral homeostasis!’ is found in normal children 
and adolescents. Our observations show striking 
similarities to those of others. Such similarities 
include (1) the hormonal control of mineral homeo- 
stasis, (2) mineral transport, (3) blood mineral levels, 
and (4) the development of mineralised bone mass. 


Hormonal control. The points of similarity include 
raised levels of serum growth hormone!®*!® and 
somatomedins,!* 1° and high concentrations of 
serum 1,25-dihydroxyvitamin D.°®?° Serum iPTH 
is normal to slightly raised® 10-1? 15 (Tables 1 and 2), 
but inappropriately high as judged from the level of 
serum calcium. The serum concentrations of growth 
hormone and somatomedins in children and adoles- 
cents are much lower than most of the values seen 
in acromegaly but differences in target organ sensi- 
tivities may account for the similarity of response. 


Transport of minerals. An increased transport of 
minerals into the blood stream is also common to 
childhood, adolescence, and acromegaly. Both the 
intestinal absorption of calcium?! and the tubular 
reabsorption of phosphate?!® are clearly raised. 
High levels of serum 1,25-dihydroxyvitamin D 
supposedly explain hyperabsorption of calcium and 
of phosphate”? from the gut. Its action on the renal 
transport of phosphate however, is disputable. 


Hyperphosphataemia. Not surprisingly hyperphos™ 
phataemia is a prominent feature of childhood and 
adolescence’ * (Tables 1 and 2) as of acromegaly. 
As hyperphosphataemia is bound to cause hypo- 
calcaemia on its own, and only stimulates the 
secretion of parathyroid hormone through this 
mechanism,”* it is worth noticing that hypercal- 
caemia, relative or absolute, is characteristic of both 
conditions’ 1° 1? 15 21 (Tables 1 and 2). Accordingly, 
the serum Ca x P product is increased (Tables 1 and 
2), thus creating favourable conditions for the 
mineralisation of bone matrix. 


Hyperphosphatasia. Finally, childhood, adolescence, 
and acromegaly also have hyperphosphatasia’ 8 12 24 
and an increasing mineralised bone mass? 242° in 
common. 

Although growth hormone replacement therapy 
has failed to augment serum 1,25-dihydroxy- 
vitamin D and iPTH in two small series of growth 
hormone-deficient children”® 2? the bulk of evidence 
favours a hypothesis considering growth hormone 
as the primary driver and co-ordinator of mineral 
homeostasis and bone growth and mineralisation 
during childhood and adolescence. The main 
actions of growth hormone are outlined in Fig. 4. 
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Fig. 4 A unifying concept of the main actions taking 
part in blood mineral homeostasis and bone formation 
and mineralisation (A) during childhood, and (B) during 
puberty and adolescence. 

SM=somatomedins, PTH = parathyroid hormone, 
1,25(OH ).D3=1,25-dihydroxyvitamin Ds, TRCa and 
TRP=tubular reabsorption of calcium and phosphate, 
IACa and IAP=intestinal absorption of calcium and 
phosphate, and Ca x P=the calcium and phosphate ion 
activity product in plasma. Lines indicate stimulation and 
the dashes inhibition. 


By its several actions growth hormone is uniquely 
suited for adjusting mineral input, the Ca x P ion 
activity product, and bone matrix formation. 

Rising levels of gonadal hormones, accelerated 
mineralisation of bone, and the growth spurt are 
intimately connected.” Simultaneously, rising serum 
levels of growth hormone,!’ somatomedins,!8 19 
1,25-dihydroxyvitamin D,® and alkaline phos- 
phatases’ 8 are reported. The serum Ca x P product 
stays constant but high despite increased bone 
mineralisation. Later, mineralisation continues for 
some years,” “5 while the longitudinal growth slows 
down and all other variables start falling towards 
normal adult values.’ 8 12 17 19 20 

Gonadal hormones may exert their actions in 
several ways. Firstly, they have been found to pro- 
mote the secretion of growth hormone.”® Secondly, 
testosterone may add directly to periosteal appo- 
sition?! through its anabolic action on bone-forming 
cells, or more indirectly by promoting the develop- 
ment of skeletal muscle mass. Much evidence 
suggests a role for muscle power in bone mass 
development.”® 30 Finally, endosteal bone apposition 
predominates during female adolescence, suggesting 
an antiresorptive action of oestrogens. They probably 
act directly on bone as well as through their stimu- 
lation of calcitonin secretion.*! 32 
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IgE screening in 1701 newborn infants and the 
development of atopic disease during infancy 


S CRONER, N-I M KJELLMAN, B ERIKSSON, AND A ROTH 


Department of Paediatrics, Uni versity Hospital, Linköping, and Pharmacia Diagnostics AB, Uppsala, Sweden 


SUMMARY IgE screening was done using the Phadebas IgE PRIST technique on the cord blood of 
1701 newborn infants. Of these 8-3 % developed obvious or probable atopic disease, predominantly 
atopic dermatitis and bronchial asthma, during the first 18 months of life. Of infants with a family 
history of atopic disease 10-5 % developed such illness; the corresponding figure for infants with an 
initially high IgE concentration was 70 Yo. Atopic disease developed in 73% of infants with a high 
IgE concentration in cord blood and a family history, but in only 3% of infants with a low IgE and no 
family history. A high IgE concentration in cord blood was associated with a high IgE and a positive 
radioallergosorbent test at between ages 18 and 24 months more often than was a low initia] IgE 
level, indicating that in man as in animals there are high and low IgE responders already genetically 
coded at birth. IgE screening in cord blood is recommended if there is obvious atopy in both parents 
or if severe atopic disease is present in a sibling or in one parent. 


Since the detection of IgE in the mid-1960s over- 
whelming evidence has been presented concerning 
the correlation between atopic disease and raised 
IgE levels. High IgE levels were present before the 
manifestation of atopic symptoms in studies on 
selected groups of children including newborn 
infants.!-4 The cumulative incidence of atopic 
disease in schoolchildren was investigated in relation 
to an immediate family history of such disease.’ 

The main purpose of the present investigation was 
to study the predictive value of the total IgE concen- 
tration in cord blood with regard to the development 
of atopic disease and IgE levels during infancy and 
to the influence of hereditary factors. 


Material and methods 


Of 1884 children born at the University Hospital, 
Linköping during a 13-month period, 1701 (862 boys 
and 839 girls) were available for IgE determination 
in cord blood (IgE,) and history-taking by question- 
naire at age 18 months. 

Serum from cord blood was separated and frozen 
to —20°C within 24 hours. Total IgE was measured 
with Phadebas IgE PRIST (Pharmacia Diagnostics 
AB, Uppsala, Sweden). The test was calibrated for a 
detection limit of 0-9 kU/I. An IgE concentration of 
1-3 kU/l was chosen as the cut-off limit’ as this was 
the geometrical mean +2 SD level in our previous 
study.® 
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Screening for specific IgE antibodies to hen’s egg 
and cows’ milk was performed in duplicate with 
Phadebas RAST (Pharmacia Diagnostics AB, 
Uppsala, Sweden). To increase the sensitivity of the 
test, the incubation with the discs was performed 
with 100 ul of serum for 18 hours, and the discs were 
placed in new tubes before gamma counting was 
done. Two extra dilutions were made of the reference 
serum to allow for 2 lower standards: 0-13 PRU/ml 
(Phadebas RAST units) and 0-04 PRU. The total 
amount of radioactivity bound was 55 672 (+511) 
counts per minute. Sixty children with an IgE 
>1-3 kU/l and 60 with a lower IgE level (2143 
kU/I) taken at random were included in this special 
study. 

The history of possible atopic disease was obtained 
by a questionnaire filled in by the parents when each 
child was aged 18 months, covering family history 
(FH) of atopic disease defined as immediate FH 
(mother, father, or siblings) or remote FH (grand- 
parents or other relatives), and concerning the child’s 
Own symptoms since birth regarding skin, respiratory 
tract, eyes, nose, and gastrointestinal tract. Answers 
were read without knowledge of the IgE, level. The 
132 doubtful answers were checked by telephoning 
the parents. 

One hundred and ninety-three infants were 
examined clinically at 21 (range 18-24) months if 
atopic disease was suspected from the answers 
(n = 142) or if there were high IgE, levels (n = 51). 


~ 
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IgE screening in 1701 newborn infants and the development of atopic disease during infancy 


All medical.records were scrutinised. To establish 
a diagnosis a second blood sample for IgE deter- 
mination (IgE,,) was taken in 174 of the 193 children. 
The detection limit of Phadebas IgE PRIST was now 
0-5 kU/l. RAST screening was done in 165 of these 
174 for specific IgE antibodies to meadow fescue 
(Festuca elatior), and birch (Betula verrucosa) pollen, 
animal dander (cat and horse), mites (Dermato- 
phagoides pteronyssinus), mould (Cladosporium), and 
food allergens (hen’s egg, cows’ milk, wheat, and 
soy). The results were expressed in Phadebas RAST 
classes, 0 indicating no antibodies and 1—4 indicating 
increasing amounts of specific antibodies. ` 

Obvious atopic disease was diagnosed by the 
presence of symptoms or signs of atopic dermatitis, 
bronchial asthma, allergic rhinoconjunctivitis, 
allergic urticaria, or gastrointestinal allergy. 

Probable atopic disease was said to be present if 
there was a history of specified symptoms or signs of 
disease not observed at the time of examination, 
including itching flexural eczema, recurrent wheezing 
during infections or on other occasions, a constant 
nasal discharge, or attacks of sneezing and itching 
eyes without respiratory infection. 

Written, informed consent was obtained from the 
parents, as was approval from the ethics committee. 
The data were computerised. Statistical methods 
used were the y?-test, Fisher’s exact test, Student’s 
t test, and variance analysis. 


Results 


IgE in cord blood was 21-3 kU/I in 90 (5-:3%) 
children, 63 (7-3%) boys and 27 (3-2%) girls. The 
sex difference is statistically significant (P<0-001). 
The incidence of high IgE, concentrations did not 
differ significantly between children with a history of 
maternal (14/224) or paternal (13/165) atopic 
disease. IgE, was below detectable levels (<0-9 
kU/D in all cases in which the pregnancy had lasted 
less than 37 weeks (n = 49). 

No specific IgE-antibodies to cows’ milk or hen’s 
egg could be detected in the cord blood of any child; 
all concentrations were under 0-04 PRU (error of 
the method about 10%). 

Obvious or probable atopic disease developed in 
142 (8-3 %) children, 84 (9-7%) boys and 58 (6-9%) 
girls (Fig. 1). The sex difference is again statistically 
significant (P<0-05). Atopic dermatitis and 


bronchial asthma were the most common manifes- . 


tations of atopic disease during the observation 
period: 5-7% of the infants had atopic dermatitis, 
and 1-7% bronchial asthma. Additional symptoms 
of uncertain aetiology included repeated reactions to 
food (390 (22-9%) infants), napkin rash (674; 
39-6%), unspecific rashes (487; 28-6%), itching 
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Fig. 1 Cumulative incidence (%) of obvious and 
probable atopic disease. 


dermatitis (232; 13-6%), drug-treated colic (260; 
15-3%), drug hypersensitivity (116; 6-8 %), and rash 
after vaccination with polio or DTP vaccine (37; 
PL: 

Of the 142 infants examined clinically at 18 months 
122 (85-9°%) were considered to have atopic disease 
on the basis of the answers to the questionnaire. 

Most infants with a high IgE, concentration 
(63 (70%) of 90) developed obvious or probable 
atopic disease during the observation period, 
whereas the rest (27 (30% of 90) did not (Fig. 2). 
The 6 infants with the highest IgE, concentrations 
(10-28 kU/I) developed signs of atopy, but there was 
otherwise no clear correlation to the incidence of 
atopic disease during infancy (Table 1). Atopic 
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Fig. 2 Clinical diagnosis in infants with raised IgE, 
concentrations. 
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Table 1 Atopic disease in relation to IgE, 
Ig Eo Atopic disease 0-18 months of age 
Obvious Probable None Total 7 
3 49 30 1532 1611 E 
21-3 27 36 27 90 





disease, obvious or probable, was found significantly 
more often among the infants with high IgE, level 
(P<0-001). 

There was close correlation between the IgE 
concentration at 18 months and the intensity of 
symptoms: the mean IgE,, level in infants with 
obvious atopic disease was significantly higher than 
in those with probable atopic disease and still higher 
than in apparent healthy infants (Table 2). The IgE} 
concentration (Table 3) tallied with the IgE, level 
(P<0-001). 

Specific IgE antibodies (Fig. 3) were found in a 
higher proportion in infants with high IgE, and 
obvious (60%) or probable (48-3 %) atopic disease at 
18 months than in the other groups. Specific anti- 
bodies in radioallergosorbent test (RAST) classes 
1-3 were found only to food allergens, most com- 
monly hen’s egg and wheat (Table 4). A positive 
RAST was found in 4 (5-1%) of 79 when IgE,, was 
below 10 kU/I, in 5 (20%) of 25 when IgE,, was 
10-20 kU/l, in 21 (52-5%) of 40 when IgE,, 
was 20-100 kU/l, and in 18 (81-8%) of 22 when 
IgE,, exceeded 100 kU/I. 

A FH of atopic disease, immediate or remote, was 
found in 998 (58-7 %) infants (Table 5). In 52 (3-1 %) 
of the infants both parents had allergies, and 23-1°% 
developed atopic disease. Atopic disease occurred in 
10-5% of children with FH but in 5-3% if there 
was no FH (P<0-001). 











Table 2 Atopic disease in relation to IgE 
Obvious Probable None 
n 69 56 49 
Geometrical mean 23-2 12-9 7-3 
—2 SD-+2 SD 0-9-622 0-5-310 0-5-100 
P eee 0-05------- -------<0-05----- 
oon eee ee eee ee <0-Ol-------------- 
Table 3 JgFis in relation to IgEo 
<1-3 >1-3 
n 104 70 
Geometrical mean 8-8 27:5 
—2 SD-+2SD 0-6—123 0- 8-896 
P ee eee ee: <0-001----------- = 
Range 0- 5-518 0- 5-652 





Infants with an immediate FH showed a higher 
incidence of raised IgE, (38 (7-2%) of 528) than 
infants with no FH (27 (3-8%) of 703) (P<0-01). 
With a remote FH the incidence was intermediate 
(25 (5-3 %) of 470). 

Seventy-three per cent of infants with a FH and 
high IgE, developed atopy (Fig. 4), but only 3% with 
no FH and normal IgE, did so (P<0-001). When the 
IgE, concentration was high there was no significant 
difference in the incidence of atopic disease at follow- 
up between children with or without a FH. The 
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Fig. 3 IgE antibodies (RAST) in relation to the 
clinical diagnosis and IgE. 


Table 4 Number of infants with positive RAST in 
relation to the clinical diagnosis at 18 months 





Atopic disease 











Obvious Probable None Total 
n 64 54 47 165 
Hen’s egg 16 9 5 30 
Wheat 13 11 2 26 
Milk 6 l l & 
Soy 4 l l 6 
Infants with 
positive RAST 25 17 6 48 
Table 5 Atopic disease in relation to family history 





Atopic disease 


n rd n oe 

Immediate 

Both parents 52 3-1 12 23-1 

One parent 389 22-9 46 11-8 

Sibling 87 13-8 12 13-8 

Total 528 31-0 70 13-3 
Remote (not immediate) 470 27-6 35 7-4 
Remote + immediate 325 19-1 47 14-5 
Family history 998 58-7 105 10-5 
No family history 703 41-3 37 §-3 
Total 1701 100-0 142 8-3 
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Fig. 4 Clinical diagnosis in relation to IgE, and the 
family history. 


incidence of atopic disease did not differ significantly 
between infants whose mothers had an allergy 
(22 of 224) and infants whose fathers had an allergy 
(24 of 166). 


Discussion 


The fetus is known to synthesise IgE from the 11th 
gestational week.” Our IgE findings using the PRIST 
technique do not suggest that IgE is transmitted 
across the placental barrier (see also references 
8 and 9). 

Atopic disease was common in our series: of this 
random group of consecutively-born children 8-3% 
developed obvious or possible symptoms or signs 
of atopy during the first 18 months of life. This 
conforms with the findings of Halpern et al. who 
noted allergy in 8% of a selected series during the 
first year of life? Atopic dermatitis and bronchial 
asthma were, as expected, the predominant features. 
Atopic disease was more common in boys, which 
confirms earlier reports.” 

The incidence of atopic disease could have been 
overestimated from the answers to the questionnaire 
alone, but any infant suspected of having atopy was 
examined at 18-24 months before the diagnosis 
was established; in most (86%) the diagnosis was 
confirmed. The parents could have misunderstood 
the questions however, and possibly also mis- 


367 


interpreted the symptoms; this would result in 
underestimation of the incidence of atopy. Infantile 
colic was not taken into consideration when calcu- 
lating the incidence of atopic disease. Colic may be a 
sign of allergy.!! We did not include symptoms of 
multifactorial aetiology, which would give a higher 
incidence of atopic disease. 

A family history of atopy was common in our 
series, especially if remote FH is included (59%). 
Thirty-one per cent of our series had a FH of atopic 
disease in parents or siblings, which is almost the 
same as in our earlier study (30 %).° 

Most infants with high IgE, developed atopic 
disease before age 18 months. A positive FH adds 
just a little (NS) information to the predictive value 
of the IgE). We were thus able to demonstrate the 
predictive value of a raised IgE level previously found 
in selected groups of newborn infants,* 1? and to 
confirm this in an unselected series. 

High IgE, concentrations were also seen in 27 
infants showing no signs of atopic disease during the 
observation period. A recent follow-up when the 
children were aged 44 years suggests that many of 
these developed symptoms of allergic disease at an 
older age, thus reducing the number of ‘false-positive’ 
results. False-negative IgE, was common: in fact 
raised IgE, was noted in fewer than half of the 
children who developed atopic disease (63 (44%) of 
142). Follow-up may show whether infants with 
raised IgE, develop severer and more enduring signs 
of allergy than those with low IgE). Infants with 
false-negative IgE, could initially be wrongly classed 
as having probable atopic disease but later turn out 
to be free from this. 

A high incidence of positive results to RAST was 
seen among the atopic infants, probably reflecting 
hyper-reactivity of the immune system but not 
necessarily clinically relevant at the time of 
sampling.!? The RAST titres became increasingly 
positive with increasing serum IgE levels. Specific 
IgE antibodies were found only to common foods." 

The existence of high and low IgE responders from 
genetic reasons has been shown in rats.!5 In the 
present study infants with high IgE, more often 
developed a positive RAST,, and a higher IgE), 
concentration than infants with low IgE, which 
may imply that in man too there are genetically- 
predetermined high IgE responders.'® If both 
parents are allergic it is likely that the children will 
also have a high IgE concentration.” High IgE 
responders should be sought out by early screening 
to allow prophylactic measures, the value of which 
in selected infants has been shown by Glaser and 
Johnstone!’ and _ others.!®@! Further evaluation, 
including cost-benefit considerations, is required 
before starting large-scale screening programmes. 
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Unlike Michel et al.,!? we found the child’s atopic 
disease was not influenced more by the mother’s 
allergic disease than by the father’s. We found no 
sign of transplacental transmission of specific 
antibodies and no specific fetal IgE antibodies; 
antibodies to egg or milk were not seen in cord 
blood. IgE at birth is probably ‘non-specific’. 
However, we may not have used the proper antigen 
in either this or a previous study. Michel et a/.!2 
found IgE antibodies to cows’ milk in 3 of 136 
newborn infants. 

The fetal synthesis of IgE may be stimulated by 
components in the mother’s diet, which possibly 
cause the ‘allergic break-through’ suggested by 
Katz." A hypoallergenic maternal diet during 
pregnancy when both parents suffer from atopic 
disease might therefore be of prophylactic value for 
the child. A biparental family history was noted in 
3-1% of our series, which tallies with our previous 
experience. At 18 months this high genetic risk group 
was distinguished by the highest incidence (23°19) 
of atopic disease. 

It is too early to advise IgE screening of all 
newborn infants. A screening procedure must fulfil 
WHO’s recommendations.’ The value of prophy- 
lactic or other measures”* to reduce the risk of atopic 
disease must be established before a general screening 
programme is started. At present we recommend 
IgE screening only when there is obvious atopy in 
both parents or if severe atopic disease is present ina 
sibling or one parent. 
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Milk antigen absorption in the preterm and term 


neonate 


D M ROBERTON, R PAGANELLI, R DINWIDDIE, AND R J LEVINSKY 
Queen Charlotte’s Hospital for Women, and Institute of Child Health, London 


SUMMARY The concentration of @-lactoglobulin was measured in the sera of 47 preterm and term 
neonates during the first few days of life under standardised conditions after feeding with a cows’ 
milk-based formula. Preterm neonates, particularly those of less than 33 weeks’ gestation, had 
higher serum concentrations of 8-lactoglobulin than term neonates given an equivalent milk feed. 
Prior feeding with breast milk did not diminish the amount of 8-lactoglobulin absorbed. Our results 
suggest that the ability of the gastrointestinal tract to exclude antigenically intact food proteins 
increases with gestational age and that gut closure occurs normally before birth in man. 


Gastrointestinal absorption of antigenically intact 
proteins has been shown to be increased in the 
neonatal period of several mammalian species. The 
calf and piglet, which acquire passive immunity 
almost exclusively from maternal milk, have a gut 
which is freely permeable to macromolecular 
proteins for the first few days post-partum.! Feeding 
induces a rapid maturation of gut morphology and 
this results in functional gut closure to these proteins. 
Other species—such as the rat and mouse—have an 
extended period of selective absorption of immuno- 
globulin from maternal milk,'* which stops just 
before weaning. It is thought that certain factors in 
maternal milk enhance gut closure and indeed a 
species-specific effect of maternal milk on the 
maturation and antigen excluding function of the 
gut has been demonstrated in the piglet,? beagle 
puppy,’ and neonatal rabbit." 

The human fetus acquires maternal immuno- 
globulin via the placenta during the last trimester of 
pregnancy. Consequently it was thought that the 
neonatal human gut had little need for absorption of 
antigenically intact food proteins. However, the 
potential for increased absorption in early life 
exists,®-® but the evidence for it occurring is circum- 
stantial and is based on high levels of antibodies to 
food proteins in preterm infants at 3-6 months after 
birth and the fact that these levels decline with 
maturity. 

This study was performed to determine whether 
absorption of the cows’ milk protein, 8-lactoglobulin, 
from the gastrointestinal tract of human neonates 
under standardised conditions differed according to 
gestational age, birth age, or prior feeding with 
breast milk. 
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Patients 


Forty-seven neonates born in three maternity 
hospitals were studied. Ethical committee approval 
was obtained from each hospital. The neomates were 
divided into groups according to differemt feeding 
regimens. 


Group 1. Twenty-six neonates of gestational ages 30 
to 39 weeks were fed by nasogastric tube, blood 
samples being taken after at least 4 hours of hourly 
feeding in an attempt to achieve an equilibrium state. 
The median age since first feed at the time of 
sampling was 26 (range 21—52) hours and the median 
birth age was between 31 and 32 (range 23-168) 
hours. 


Group 2. Twelve term neonates of gestational ages 
37 to 41 weeks were receiving 3-hourly or 4-hourly 
bottle feeds. The median age since first feed at the 
time of sampling was 138 (range 109-161) hours and 
the median birth age was 142 (range 114-154) hours. 


Group 3. Nine neonates had received some breast 
milk during their initial feeding regimen but had not 
received any breast milk for at least 9 hours before 
sampling. Five were fed hourly by nasogastric tube 
(gestational age between 32 and 37 weeks) and were 
sampled at feeding ages between 22 and 52 hours 
(birth ages 29 to 172 hours). Two of these neonates 
had received pooled heated expressed breast milk and 
3 had received fresh expressed maternal milk before 
artificial feeding. Four babies were bottle fed after 
initially suckling at the breast (gestational ages 
between 37 and 41 weeks) and samples were obtained 
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at feeding ages of 117 to 141 hours (birth ages 119 to 
146 hours). 

In all babies the blood sample was taken between 
25 and 35 minutes after the completion of feeding in 
conjunction with routine assays. All were well apart 
from one receiving 30% oxygen for mild hyaline 
membrane disease. No neonate had received any 
blood products. None had suffered from significant 
birth asphyxia and no baby had any gastrointestinal 
illness or known gastrointestinal abnormality. Five 
of the 47 neonates had birthweights below the 10th 
centile for gestational age. All 5 were of more than 
36 weeks’ gestation. 

Gestational age was assessed from ultrasound 
measurements of biparietal diameter recorded 
during the pregnancy which were compared with the 
date of the last menstrual period. If there was a 
discrepancy between these estimates, a clinical 
scoring system was used to assess gestation.!” 

All babies received the same pre-packed, ready to 
feed, cows’ milk based formula (SMA Gold Cap) as 
the only form of milk feeding received between birth 
and the time of sampling, apart from group 3 who 
received additional breast milk as described. The 
volume of feed received by each baby during the 
4 hours before sampling was recorded. 

All samples were capillary blood samples and 
serum was separated and stored at —20°C until 
assayed. 


Methods 


A two-site solid phase radioimmunoassay was used 
to quantitate serum $-lactoglobulin concentrations.!! 
This assay has the advantage of being able to detect 
antigen when in free or in complex form especially 
if in antigen excess. Highly purified $-lactoglobulin 
(kindly supplied by the National Dairy Research 
Institute) was used to raise antiserum in rabbits. 
Specific antibody was obtained by ion-exchange 
chromotography followed by immunoabsorbent 
purification using #-lactoglobulin covalently linked 
to microcrystalline cellulose. 

The IgG fraction of the rabbit antiserum was used 
to coat polyethylene microfuge tubes (Sarstedt). After 
overnight incubation of the test serum in the coated 
tubes, '°I-labelled affinity purified rabbit anti-- 
lactoglobulin was added to the washed tubes and 
was incubated for 18 hours. The tubes were then 
washed and counted in an LKB gamma counter. 
Standard solutions of $-lactoglobulin made up in 
known negative sera to allow quantitation of 
unknown samples were included in each assay. 
Serum samples were coded and assayed in triplicate. 
The sensitivity of the assay ranged from 0-1 to 
100 ng/ml. 

Results were expressed as nanograms of 6- 


lactoglobulin present per 100 ml of serum for each 
one ml of milk given per kg birthweight. The 
Mann-Whitney U test, with correction for ties where 
appropriate, was used for statistical analysis. 
Probability values are one-tailed. 


Results 


Neonates in group 1 of 33 weeks’ gestation or less had 
significantly higher serum (-lactoglobulin concen- 
trations than the term neonates of group 1 (P<0-05) 
and group 2 (P<0-001) (Fig. 1). Group 1 neonates 
between 33 and 37 weeks’ gestation also had higher 
values than the group 2 neonates (P <0-05). 

The 12 bottle-fed term neonates of group 2 did not 
differ significantly from the 5 group 1 neonates of 
similar gestational age who had been fed by 
nasogastric tube. 

When groups | and 2 were considered together, 
preterm neonates had significantly higher serum 
concentrations than did term neonates (P<0-002). 

There was no correlation between serum 6- 
lactoglobulin concentrations and birth age or 
feeding age within groups | and 2 or within the 
combined groups. 

Earlier exposure to breast milk in the few studied 
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Fig. 1 Serum 8-lactoglobulin concentrations per m! 
of milk given per kg during the preceding 4 hours 
(groups I and 2). 
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Fig. 2 Effect of prior exposure to breast milk on 
serum 8-lactoglobulin concentrations per ml of milk 
given per kg in the preceding 4 hours (group 3). 


in group 3 did not significantly alter the 6-lacto- 
globulin values compared with neonates of similar 
gestational ages from groups | and 2 who had been 
fed by the same route at similar birth ages and had 
not received breast milk (Fig. 2). 

Eleven of the study infants had pre-feeding 
samples or cord blood assayed for (-lactoglobulin 
and in none of these could any be detected. 


Discussion 


Beta-lactoglobulin (MW 36 000) is the major whey 
protein of cows’ milk,!? but is not found in human 
breast milk. This study shows that preterm neonates 
given an equivalent load of a cows’ milk-based 
formula have significantly higher serum 6- 
lactoglobulin concentrations than term neonates. 
In fact, the total amount of #-lactoglobulin present 
in the circulation of the preterm infants may be 
grossly underestimated since there is evidence that 
plasma volume with respect to weight is greater in 
the preterm than the term infant.'*-!” The amount of 
antigenically intact protein absorbed by the term 
neonate is of the order of 10-5 of that ingested. The 
term neonate absorbs similar amounts to non-atopic 
adults given equivalent antigen loads according to 
body weight! and our results indicate that absorp- 
tion in the very preterm infant may be up to 100-fold 
greater. 

The results are therefore compatible with either 
increased absorption of antigenically intact proteins 


by the preterm infant’s gut, or less efficient cearance 
from the circulation. Several factors may contribute 
to increased absorption and higher serum concen- 
trations of §6-lactoglobulin in preterm infants. 
Gastrointestinal motility increases and transit times 
decrease with advancing fetal age.! Protein digestion 
in the gut lumen and at the epithelial brush border 
may be less efficient since stomach peptic and 
duodenal enteropeptidase activities are known to 
increase with gestation during the last trimester of 
pregnancy.!? 18 Epithelial cell morphology, eadocyto- 
plasmic transport, and proteolytic mechanisms may 
also differ at different gestational ages. 

It is possible that some of the diminution in 
8-lactoglobulin levels with increasing gestatsonal age 
is due to more effective clearance mechanisms in the 
more mature neonate. The antigen may be cleared by 
complexing with maternally derived mmuno- 
globulin and in this respect the relationship of the 
lower serum (-lactoglobulin concentraticns after 
33 weeks’ gestation found in the study and the 
accelerated rate of increase of total and subelass IgG 
concentrations known to occur at 32-33 weeks’ 
gestation is noteworthy.’® Liver filtration may be 
important in the clearance of ingested ansigens or 
antigenic fragments in the newborn”’ and also may 
be less efficient in maturity. 

Although feeding breast milk in other species has 
been shown to enhance gut closure in terms of 
morphology and function,*~® no alteration in 
8-lactoglobulin levels was seen in those neonates 
who initially received breast milk. In the human 
neonate there may not be any functional enhance- 
ment of antigen exclusion attributable to breast milk 
factors. but the numbers studied were smal and this 
needs confirmation. Similarly, although >irth age 
and feeding age had no apparent effect over the 
narrow ranges studied in this investigation, sequen- 
tial studies during longer periods of tme may 
demonstrate lower serum values with mcreasing 
time. Xylose absorption, which is lower im preterm 
neonates suggesting immature absorptive cell 
function, has been shown recently in serial studies to 
rise with birth age, supporting the concept of major 
changes in gastrointestinal function at a cellular 
level in the perinatal period.” 

It appears therefore, that gut closure in man is not 
an abrupt event but occurs gradually with fetal 
maturation and is normally complete by bth in the 
term neonate. The amounts of antigenically intact 
protein absorbed are insignificant nutritionally even 
in the preterm infant. They are however sufficient to 
immunise, as antibodies to food proteirs may be 
demonstrated in most healthy individuals? Despite 
this, most people do not develop hypersensitivity 
responses to food proteins and a state of partial 
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tolerance to oral food antigens prevails. The 
increased proportion of suppressor cells in the 
neonatal circulation may be important in this 
regard** and also as the IgA system develops so 
secretory IgA acts to exclude antigens within the gut 
lumen and that which enters is cleared without 
damage by forming IgA immune complexes 
(R Paganelli, D Atherton, R J Levinsky, 1981, 
unpublished data). 

It is clear that the amount of intact food proteins 
absorbed is not related to the development of hyper- 
sensitivity reactions, since in animals sensitisation 
via the oral route is achieved only by low antigen 
doses when administered with a powerful adjuvant.”4 
A further factor which may determine sensitisation 
to milk proteins is the type of milk given since 
different preparations have different sensitising 
capabilities dependent on the method of heat 
treatment for sterilisation by the manufacturer.” 
We do not know of any study comparing the 
incidence of allergy to milk proteins between preterm 
and term neonates, but, if this question is to be 
answered, the type of milk feed given to the infants 
must be considered. Certainly the results reported 
here demonstrate that $-lactoglobulin is detectable in 
antigenically intact form in the circulation of the 
human neonate despite heat treatment of the milk 
during whey concentration and sterilisation. 


We thank the consultant paediatricians of Queen 
Charlotte’s Hospital for Women, the City Hospital, 
Nottingham, and the Women’s Hospital, Notting- 
ham, for allowing neonates in their care to be 
enrolled in the study, and Dr M Hall, Dr C 
Damen-Williams, Dr V Harpin, Sister I Hopkin, and 
Sister M Smith for their help. 
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Plasma alkaline phosphatase activity in rickets of 


prematurity 


E J GLASS, R HUME, G M A HENDRY, R C STRANGE, AND J O FORFAR 


Department of Child Life and Health, University of Edinburgh, and 
Simpson Memorial Maternity Pavilion, Royal Infirmary, Edinburgh 


SUMMARY Plasma alkaline phosphatase activity was measured in 349 infants aged between 5 and 10 
days to establish a normal range for different gestational ages. Significant differences were observed 
between term and preterm infants, the highest values being associated with the shortest lengths of 
gestation. Plasma calcium, phosphate, and alkaline phosphatase activity were measured sequentially 
in 51 preterm infants <1500 g at birth. A significant correlation was found between raised plasma 
alkaline phosphatase activity and radiological changes of osteoporosis, metaphyseal change, and 
periosteal reaction. Plasma alkaline phosphatase appears to be of value in screening for and moni- 


toring rickets of prematurity. 


The predisposition of the preterm infant to rickets 
has been known for many years, and is being 
increasingly found among extremely low birthweight 
infants.” The early detection and treatment of 
rickets may have important implications for linear 
growth of the preterm infant.® Florid changes in the 
x-ray film occur late in the disease and although 
photonabsorptiometry’ can detect early deminerali- 
sation, the technique is not widely available. We 
report the value of plasma alkaline phosphatase 
activity as a sensitive and early indicator of rickets 
of prematurity. 


Patients and methods 


To establish a normal range for infants of differing 
gestational ages, plasma alkaline phosphatase activity 
was measured in 349 infants aged between 5 and 10 
days. This timing was chosen as after parturition the 
placental isoenzyme disappears from plasma with a 
half-life of 3 or 4 days. The gestational age of these 
infants ranged from 26 to 40 weeks. Plasma alkaline 
phosphatase was measured by the method of 
Morgenstern et al.® 

Fifty-one preterm infants weighing less than 1500 g 
at birth who were admitted to the regional intensive 
care unit during the period October 1978 to October 
1980 were studied sequentially. Feeding was by the 
enteral or parenteral route. Plasma calcium, phos- 
phate, and alkaline phosphatase levels were measured 
weekly during their stay in hospital, and subse- 
quently at 2-4 weekly intervals as outpatients until 


the alkaline phosphatase activity was below 500 U/I. 
Plasma alkaline phosphatase activity greater than 
500 U/l was taken as an indication that isoenzyme 
studies were necessary.® 

Radiological examination was not performed 
routinely, but 42 babies had x-ray films taken on 
clinical indication. On completion of the study all 
x-ray films were assessed independently of clinical 
and biochemical data by a paediatric radiologist. 
Generally chest x-ray films were analysed, but many 
infants had abdominal x-rays which included the 
spine and pelvis on the film, while x-ray films of the 
skull and wrist were examined if available. The 
radiographic features analysed were bone minerali- 
sation, the presence or absence of metaphyseal 
changes, and periosteal reaction. The degree of bone 
demineralisation was arbitrarily graded 1-3 accord- 
ing to severity. Osteoporosis was detected most 
readily in the ribs and scapulae. Metaphyseal 
changes; cupping, fraying, and expansion were 
noted in the humeri. The biochemical and radio- 
logical data were correlated statistically by Kendall’s 
rank correlation for osteoporosis, by Wilcoxon’s 
rank sum for metaphyseal change, and by Fisher’s 
exact test for periosteal reaction. 

During the study 400 LU of vitamin D2 a day were 
given to enterally-fed infants, and 100 IU/kg a day 
intravenously to parenterally-fed infants. If the 
plasma alkaline phosphatase activity exceeded 
500 U/l, the vitamin D2 supplement was increased 
to 1000 IU a day. At values above 1000 U/I vitamin 
D2 was replaced by an oral preparation of 1,«- 
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hydroxycholecalciferol (1 alpha) 0-05 ug/kg a day. 
In the event of failure to respond to the latter 1,25- 
dihydroxycholecalciferol (Rocaltrol) was prescribed 
in a dosage of 0-05 wg/kg a day. 


Results 


The variation in plasma alkaline phosphatase 
activity in relation to gestational age at birth in 349 
infants is shown in Table 1. Significant differences 
(Student’s ¢ test) in plasma alkaline phosphatase 
activity were observed between term and preterm 
infants. 

The 51 infants studied sequentially were divided 
into 4 groups according to their maximum plasma 
alkaline phosphatase activity during the period of 
the study (Table 2). In patients with plasma alkaline 
phosphatase values greater than 500 U/l (71%). 
including infants with cholestasis, the predominant 
isoenzyme was of bone origin. The groups of infants 


with higher plasma alkaline phosphatase values 
(groups 3 and 4) were of lower mean birthweight and 
gestation, and had longer periods of parenteral 
nutrition than infants with lower peak alkaline 
phosphatase values (groups | and 2). No significant 
differences were noted in plasma phosphate levels, 
and plasma calcium was significantly lower only in 
the most severely affected infants (group 4). 

In infants developing radiological rickets the 
highest and most sustained maximal plasma alkaline 
phosphatase values occurred in the more severe 
cases. However, the maximal value and the period of 
increased plasma alkaline phosphatase values were 
modified by treatment. Of 7 infants with peak alka- 
line phosphatase values greater than 1000 U/l 
treated with 1,«-hydroxycholecalciferol (mean dura- 
tion 13 days), 6 showed a satisfactory response with a 
decline in plasma alkaline phosphatase activity from 
a mean value of 1221 U/1+125 (before treatment) to 
751 U/I--83-3 (after treatment). In the 7th infant, 


Table 1 Plasma alkaline phosphatase variations in relation to gestational age 





Gestation (weeks) 


319-544 142-31 13 


Alkaline phosphatase Number Gestation 
activity in (weeks) 
(U/l) group 26427 
26+27 
291-814 86-49 26 28+29 
281-15+84-49 46 30+ 31 
253-98+71-85 53 32+ 33 
236-30+61-78 103 34+ 35 
207 - 16+59-52 48 36 
164- 1+67-8 60 38-41 
349 


28+ 29 304+ 31 32+ 33 34+ 35 36 Term 
NS NS <0-02 <0-001 <0-001 <0-001 
NS NS <0-001 <0-001 <0-001 
NS <0-001 <0-001 <0-001 
NS <0-001 <0-001 
<0-01 <0-001 
<0-001 





Alkaline phosphatase activity expressed as mean 4+ 1 SD. 


Table 2 Classification of 51 preterm <1500 g infants according to maximum plasma alkaline phosphatase activity 





Group P 
1 (n=4) 2 (n=11) 3 (n=29) 4 (n=7) value 
Peak alkaline phosphatase (U/l) < 300 300-500 500-1000 > 1000 
2v4 
Birthweight (kg) 1-41+0-09 1-34+0-13 1-26+0-15 1-13+0-25 
<0-05 
2v3 
Gestation (weeks) 31-3+1-3 32-2+42-0 29-9+2-0 29-94+1-9 
<0-01 
2v4 
<0-005 
Plasma calcium (mmol/l) 2-33+0-06 2-45+0-15 2-39+0-24 2-02+0-35 
3v4 
<0-01 
Plasma phosphate (mmol/l) 2-10+0-32 2:01+0-32 1-88+0-34 1-7140-37 NS 
2v4 
Day that maximum alkaline <0-05 
phosphatase reached 20+ 15 28+12 51+33 60 +38 
2v3 
<0-001 
lv4 
Duration of parenteral <0-05 
nutrition (days) 7-545:°8 7-8+4-1 29-4+20-5 35-1+18-4 
2y3 
<0-001 


Conversion: SI to traditional units—calcium: 1 mmol/l +4 mg/100 ml; phosphate 1 mmol/l 3-1 mg/100 ml. 
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Table 3 Correlations between plasma alkaline phosphatase and radiological bone changes in preterm low bizthweight 


(< 1500 g) infants 


—_— LLL LLL, 





Peak alkaline phosphatase (UJI) < 300 300-500 500-1000 > 1000 P value 
(n=4) (n=/1) (n=29) (n=7) 
Mineralisation 
Norma! mineralisation 2 8 l 0 
°Osteoporosis/normal l l l 0 
Osteoporosis 
Grade 1 0 l K 0 
Grade 2 0 0 10 4 <0-O981 
Grade 3 0 0 3 3 
Metaphyseal change 0 0 4 < <0-@ 
Periosteal reaction 0 0 0 2 <0-024 
No x-ray film l 1 7 0 





who had appreciable cholestasis, the plasma alkaline 
phosphatase activity continued to rise despite 
1,a-hydroxycholecalciferol. After 21 days of treat- 
ment with 1,25-dihydroxycholecalciferol, the plasma 
alkaline phosphatase activity declined from 1940 to 
995 U/l. 

Correlation between biochemical and radiological 
findings are shown in Table 3. The degree of osteo- 
porosis, presence of metaphyseal changes, and 
periosteal reaction were all significantly related to 
maximum alkaline phosphatase activity. All patients 
with metaphyseal changes had maximum alkaline 
phosphatase activity greater than 750 U/l. Periosteal 
reactions were seen only if alkaline phosphatase 
activity exceeded 1000 U/l. All infants with abnormal 
wrist x-ray films had changes in the humeri. Maximal 
peak alkaline phosphatase activity generally preceded 
maximum radiological change by 2 to 4 weeks. 


Discussion 


Variations in plasma alkaline phosphatase activity 
with gestational age were found in a group of 349 
infants aged between 5 and 10 days, with a down- 
wards trend between 26 and 40 weeks’ gestation. 
Significant differences were noted between term and 
preterm infants (P<0-001). This variation may 
reflect the measurement of different alkaline phos- 
phatase isoenzyme activities at different gestational 
ages. 

In the 51 infants studied sequentially, the radio- 
logical changes of osteoporosis, metaphyseal change, 
and periosteal reaction were all significantly related 
to peak alkaline phosphatase activity. 

The classical changes which occur in children with 
rickets have been well described.!° The main 
features are rarefaction, cupping, and fraying of the 
metaphyses together with loss of the provisional 
zone of calcification. Periosteal reactions and 
fractures through demineralised bone may occur. In 
preterm infants a diffuse demineralisation of the 


skeleton particularly affecting the ribs, spme, skull, 
and scapula often with super added fractures has 
been noted.!! !* In the infants studied radiological 
changes of osteoporosis correlated with biechemical 
evidence of rickets. In contrast Eek et a/.'* regarded 
diffuse osteoporosis, resolving without treatment as a 
normal phenomenon in the preterm infart. Perios- 
teal reaction has been described in preterm infants 
during both active? and healing! rickets. However 
Malmberg!* described periosteal reacion un- 
associated with rickets in preterm infants. Periosteal 
reactions were noted in only 2 of our patients, both 
of whom had peak alkaline phosphatase levels in 
excess of 1000 U/l. 

Plasma calcium and phosphate values did not 
appear to be good indicators of rickets in these 
infants. Plasma calcium fell significantly only in the 
most severely affected group, and no significant 
differences were noted in plasma phosphate values. 
Plasma calcium values are likely to be pzrticularly 
misleading in parenterally-fed infants. 

Inadequate calcium input is one of tke factors 
implicated in the aetiology of rickets of prematurity. 
Fetal calcium accumulation during the last trimester 
is high.!° Pre-eclampsia which impairs placental 
calcium transfer! is noted more often among 
mothers of preterm infants with rickets!” Rapid 
postnatal growth demands a large calciim input 
which is not met by breast milk or most modified 
milk formulae. The parenteral regimen used during 
the period of the study provided 1-1-4 mmol/kg per 
24 hours of calcium at a fluid intake of 15-200 ml/ 
kg a day. This contrasts with an intake of 1-6- 
2-2 mmol/kg a day on a similar intake of ¿ modified 
formulae but the latter would be incompletely 
absorbed.!® Thus postnatally neither parenteral nor 
enteral feeding provides sufficient calcium to allow 
intrauterine accretion rates of calcium to be achieved. 
Calcium supplementation of the preterm nfant has 
been shown to improve bone mineralisation.” 

Disordered vitamin D metabolism has also been 
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implicated in the development of rickets in preterm 
infants. Preterm infants seem unable to increase 
plasma 25-hydroxycholecalciferol levels until 38—42 
weeks’ postconceptual age despite intravenous 
supplementation with vitamin D.'* Thus impaired 
25-hydroxylation of vitamin D may contribute to the 
development of rickets. Low values of 25-hydroxy- 
cholecalciferol have previously been noted in 
patients with cholestasis. Our cholestatic infant 
had a value of 2-1 nmol (normal 10-20 nmol) and 
his rickets did not respond until 1, 25-dihydroxy- 
cholecalciferol was given. 

It has also been considered that activation of 
vitamin D to 1, 25-dihydroxycholecalciferol in the 
immature kidney may be impaired and thus lead to 
the development of rickets. In 6 of the 7 infants in 
whom alkaline phosphatase activity exceeded 
1000 U/l a decrease in alkaline phosphatase activity 
and radiological healing of rickets occurred only 
after the introduction of 1,«-hydroxycholecalciferol. 


We thank Mr Rob Elton for statistical assistance, 
Leo Laboratories Limited for supplying 1,alpha- 
hydroxycholecalciferol, and Roche Products Limited 
for supplying 1,25-dihydroxycholecalciferol. 
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Bone rarefaction and crush fractures in juvenile 
chronic arthritis 


U ELSASSER, B WILKINS, R HESP, D I THURNHAM, J REEVE, AND B M ANSELL 


Clinical Research Centre, Northwick Park Hospital, Harrow, Canadian Red Cross Memorial Hospital, 
Taplow, Berks, and Department of Human Nutrition, London School of Hygiene and Tropical Medicine 


SUMMARY Seventy children with juvenile chronic arthritis have had measurements of cortical and 
trabecular bone density in one or both radii. In 7 children with unilateral disease of one wrist, there 
was a substantial reduction in growth on the affected side. Trabecular bone density in the distal 
radius was reduced in the main group of 63 patients compared with controls, and this deficit wes 
appreciably worse if the wrist was clinically affected by disease or if the child was being treated with 
steroids. Cortical bone density in the midshaft was less affected. Crush fractures of the spine were 
associated with more prolonged periods of bed rest, steroid therapy, radial trabecular bone density 
more than 2 standard deviations below normal, and subnormal 25-hydroxycholecalciferol con- 
centrations in the serum. Since steroid therapy is often mandatory the main therapeutic implications 
are that the more severely affected child often needs vitamin D supplementation in ‘physiological’ 


dosage, and that early mobilisation and reduction of steroid dosage should be constant aims. 


In the management of juvenile chronic arthritis, 
particularly the systemic form, and occasionally in 
severe arthritis, it is still necessary to treat with oral 
corticosteroids. Although every effort is made to 
minimise side effects by the use of an alternate-day 
regimen, a few patients will need daily steroids. 
Rarefaction of trabecular bone in the spine leading 
to crush fractures may result. 

The purpose of this study was to determine which 
clinical, radiological, and biochemical measurements 
have discriminatory value for existing or predictive 
value for crush fractures of the spine. Our patients 
also had atraumatic measurements of trabecular and 
cortical bone density in the wrist, using computed 
tomography, and plasma 25-hydroxyvitamin D 
concentrations were measured in just over half of 
them. 


Materials and methods 


Patients came either from the juvenile outpatients’ 
service at Northwick Park Hospital, or from the 
specia! unit for juvenile rheumatism at the Canadian 
Red Cross Memorial Hospital, Taplow where 
children with serious problems requiring long-term 
rehabilitation are admitted. Sixty-three patients were 
studied during a 9-month period. In addition to the 
30 patients treated with glucocorticoids, 6 had 
received adrenocorticotrophic hormone, and the 
remaining 27 had at no time been exposed to either 


form of treatment. At the time of the bone density 
measurements the following clinical details were 
recorded: age, height and weight, duration of 
illness, previous systemic illness, present systemic 
illness, the degree of joint involvement, functional 
state (graded 1 to 4), the total steroid dosage 
expressed as milligrams of prednisone or equivalent, 
cumulated over the entire duration of treatment, 
together with the treatment regimen (that is daily, 
alternate day, or both), the cumulative duration of 
pre-existing periods of bed rest exceeding 6 weeks, 
the number of crush fractures, and the presence or 
absence of clinical joint involvement in the measured 
wrist. 

Generally it was possible to measure the following 
biochemical indices: albumin, calcium, phosphate, 
alkaline phosphatase, together with the haemoglobin 
concentration. In addition, 25-hydroxycholecalciferol 
(25(OH)D) was, if possible, measured in the same 
samples by a modification of the method of Haddad 
and Chyu.! 25(OH)D was separated from serum as 
described! but eluted off the column by 25 ml 
absolute ether. The binding protein used was rachitic 
rat serum at a dilution of 1:10 000 in barbital buffer, 
pH 8-6 containing 0-1% bovine serum albumin. 
Binding took place at 4°C for 2 hours. Alkaline 
phosphatase measurements were made by the 
method of Kind and King? and expressed as a 
percentage of the upper limit of normal for the 
child’s age.’ 
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Trabecular bone density (TBD) in the radius was 
measured with an ‘Isotom’ purpose-built CT 
densitometer which uses a !*°] source. TBD (per cm) 
is the mean attenuation coefficient for the central half 
of the bone cross-section containing trabecular 
bone.* The site chosen on the radius was between 
8 and 10% of the distance between the styloid and 
ulnar processes measured from the styloid process. 

The site chosen for measuring the cortical bone 
density (BD, per cm) was the junction of the distal 
one-third and proximal two-thirds of the radius. The 
radiation dose received by each patient was cal- 
culated to be 2 mrem at the measurement site and 
considerably less than 0-1 mrem to the whole body, 
much lower than is possible with conventional x-ray 
equipment, and equivalent to about 8 hours’ natural 
background radiation at sea level. The procedure 
was approved both for patients and controls by the 
hospital ethical committee. 

To find out if loss of bone mass was owing to local 
joint involvement or systemic factors, an additional 
7 children with unilateral wrist involvement had 
densitometry performed on both forearms. 

The control subjects were children of members of 
staff or siblings of the patients. They were compared 
as a group with another population of normal 
children who had previously been studied in Zurich. 
If appropriate statistical tests confirmed the homo- 
geneity of the two populations, they were combined 
for the purpose of calculating normal values. 


Table 1 Normal values for trabecular and cortical 
bone density in children aged 5-15 years, in 49 children 
in Zurich (Switzerland), and 28 in Harrow (UK )* 








Zurich Harrow Differences 
Trabecular bone 
density (per cm) 
Mean 0-730 0-683 0-047 
SD 0-086 0-086 t=2-35, P<0-05 


Cortical bone 
density (per cm) 
Mean i 1-966 2-232 0-266 
SD 0-142 0-219 t=5-66, P<0-001 
o ee ee 


*Boys and girls were combined. 


Results 


Normal values for trabecular and cortical bone density 
(Table 1). TBD did not differ significantly between 
the sexes, nor was there a significant trend with age. 
However, the Zurich mean value for girls was 
significantly higher than the British mean value, so 
only the latter data were used for reference. 
Conversely, the British mean value for cortical bone 
density was higher than the Swiss in both girls and 
boys. Unlike these two parameters, cross-sectional 
area of the radial midshaft was dependent on age, so 
the normal range for age was obtained from the 
linear regression of cross-sectional area on age, 
which from the combined data was given by the 
equation: 


CA (cross-sectional area)=0-049 < (age, years)+- 


0-229 +0-116, =6-8, P<0-001 


Spinal crush fractures (Table 2). At entry, 9 patients 
each had at least one spinal crush fracture; during 
the ensuing 18 months 4 had further crush fractures. 
Five other patients with previously intact spines 
fractured during the same period. 

The clearest association with the crush fractures 
was steroid therapy. To normalise the distributions 
of total steroid doses, square roots were taken in each 
case before the two groups were compared statisti- 
cally. The crush fracture group had, on average, 
received 9-1 times as much treatment with steroids as 
the non-fracture group (Student’s t=5-1, P<0-001). 
There was also an association between the crush 
fracture syndrome and duration of bed rest. the 
crush fracture group having endured a mean of 
9-7 months compared with 2-1 months for the 
non-crush fracture group (P<0-01, Wilcoxon’s rank 
sum test). There were no significant associations 
between crush fractures on the one hand and height, 
weight, disease duration, haemoglobin, or any of the 
biochemical indices other than 25(OH)D, on the 
other. 


Associates of steroid therapy. As expected, the total 
steroid dose (expressed as its square root, ,/ s units) 


Table 2 Clinical and biochemical indices in children with juvenile chronic arthritis 

















Duration of Centiles Months of Albumin Hb(g/dl) Alkaline Calcium Phosphate 
disease (years) bed rest (g//) Phosphatase (mmol/l) (mmoi/!) 
Height Weight °% upper limit 
of normal 
Crush fractures 
(7<nz8) 
Mean 7-9 6 11 9.9 35-0 10-1 64 2°33 1-38 
SD 3-7 17 28 7-4 3-4 1-6 41 0-B 
No crush fracture 
(37 <n z 53) 


30 28 


Mean 4.1 2.1 
3-3 30 32 4-7 


SD 


7 54 2:31 | 
6 19 0-12 0-22 


Y 
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was associated with a downwards trend in the height 
centile (—0-26 centiles per y s unit, t=2- 90), reduced 
serum-albumin (—0-04 g/litre per 4 s unit, =2-44), 
and the previously observed? biphasic response in the 
weight centile. Those who had received steroids for a 
short time were fairly heavy while those who had 
received prolonged therapy were substantially lighter 
than the non-steroid treated group. 

There were substantial deficits in TBD in both the 
steroid and non-steroid groups compared with 
controls, amounting to —2-:2 and —1-3 standard 
deviations (SDs) respectively (P<0-01). The 
reduction of 0-2 SDs in cortical bone density in 
the non-steroid group was not significant; however, 
in the steroid group cortical bone density was also 
reduced (—1-0 SDs, t=3-1, P<0-05), but only to 
the level seen in normal children in Zurich. The 
correlation between bone density and TBD in this 
group was weak (r=0-50, P<0-05). 


Wrist involvement and bone density. In the main 
group of patients, local inflammatory disease was 
associated with more severe deficits in bone mineral 
in the ipsilateral forearm (Table 3). Additionally, the 
cross-sectional area of the radius mid-shaft was 
reduced by 38% compared with normal (t=3-83) if 
the wrist was affected. 

In the 7 patients with unilateral joint involvement, 
none of whom was on steroid therapy, the difference 
between TBD in the two wrists was not significant 
(Table 4). However, there were substantial and 


Table 3 Influence of local disease* 





Trabecular bone density No steroids Steroid therapy 
Deficit, unaffected wrist —0-9, t=2-50 —1-1, t=2-75 
n=12,P<0-02 n=9, P<0-02 


Deficit, affected wrist — 1-8, r=4-05 —2-8, t=7-11 
n=12, P<0-001 n=15, 
Student’s ¢ difference 


Affected versus unaffected 1-62 NS 2-72 P<0-02 


*Results expressed in numbers of standard deviations from normal. 


Table 4 Comparison of bone density indices in 


affected compared with unaffected wrists 
eS 








Case Ratio affected: unaffected wrist 

Trabecular Cortical bone Cross-sectioned 

bone density density area 
63 1-06 1-00 0-84 
64 0-92 0-99 0-98 
65 0-68 1-02 0-68 
67 0-85 1-10 0-79 
68 0-92 0-88 1-02 
69 1-00 1-06 0-71 
70 0-90 1-03 0-78 
Mean 0-90 1-01 0-83 
SD 0-12 0-07 0-13 
p* NS NS <0-02 


U={== =U((}0,.=.=...—————...———————/ "sess 
*Different from 1-0. 


significant differences between the crosssectional 
areas of the radial mid-shafts, suggesting that 
retardation of bone growth on the affectec side was 
an associate of local disease. 


25(OH) cholecalciferol concentrations. Of those 
measured only 9 (31%) of the 29 inpatients at the 
unit for juvenile rheumatism had an ecceptable 
vitamin D nutritional status (25(OH)D concentra- 
tions >10 ng/ml). Five of the 9 results at Northwick 
Park were satisfactory by this criterion. Nine patients 
with crush fracture had a mean 25(OH)D concen- 
tration of 4-6 ng/ml, which was significantly 
(P <0-01) lower than the mean of 9-8 ng/m observed 
in the remainder (both distributions normelised on a 
log scale). There was a poor, but just significant 
correlation between TBD and 25(OH)D concen- 
trations (r=0-37, P<0-05). 


Abnormal trabecular bone density. Twenty-two 
patients had TBD values more than 2 SDs below 
normal and, of these, 7 had crush fractures already, 
and 4 developed them subsequently (y?=12-7 with 
Yates’s correction; P<0-01). One child was studied 
within 3 months of the start of the disease and had a 
normal TBD value; after a stormy course including 
treatment with high-dose steroids she subsequently 
developed crush fractures, but in her case TBD fell 
only by a trivial amount from a fairly nommal value 
of 0-67 to 0-65 over 18 months. Another patient who 
had had crush fractures 15 years previously had a 
normal TBD value, and his disease was quescent. 


Discussion 


Control data. We could find no explanation for the 
small but significant differences in mean bane density 
indices between the British and Swiss children 
(Table 1). It seems possible that these indices vary 
between different populations or social classes. There 
are two implications. Firstly, small mean differences 
between index and control groups (as in cortical bone 
density in our steroid-treated group) do ^ot neces- 
sarily imply structural weakness despite being 
statistically significant; and secondly there may be 
advantages in accuracy if local controls are recruited 
rather than reliance being placed on date obtained 
elsewhere, at least in studies on children. 


Loss of bone. Badley and Ansell® have s1own that 
steroid therapy leads to loss of trabecular bone and 
crush fractures. Clearly in these patients there may be 
additional factors, notably vitamin D depletion. 
This is almost certainly due to the abnormally 
house- and hospital-bound existence and poor 
appetite of the more severely affectec children 
leading to lack of exposure to sunlight with no 
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dietary compensation. As Gupta er al. have 
pointed out, when 25(OH)D concentrations fall 
below 5 ng/ml the ability of the normal kidney to 
synthesise the active hormonal form, 1,25(OH),D, is 
compromised and overt osteomalacia or rickets is 
likely to supervene. However, in adult patients on 
steroid therapy osteoblast function is depressed’ and 
the production of exuberant osteoid in response to 
vitamin D deficiency may be impaired. Instead, a 
modified syndrome of accelerated osteoporosis is a 
possible sequel. 


Local and systemic effects of disease. The study in the 
children with unilaterally affected wrists suggests 
that local disease affects mainly bone growth (as 
measured by cross-sectional area) rather than bone 
density (mass per unit volume). On the other hand, 
TBD was significantly lower than normal in children 
not on treatment with steroids, particularly those in 
whom the wrists were affected who, overall, must 
have had more severe disease than those with 
clinically normal wrists. Steroid therapy was 
associated with even greater deficits. We conclude 
that in juvenile chronic arthritis there is a significant 
deficit of trabecular but not of cortical bone, 
probably associated with a systemic factor. This is 
made worse by steroid therapy. Local disease 
additionally inhibits bone growth, as can unilateral 
disorders—such as poliomyelitis, hemiphegia, and 
even unilateral postencephalitic parkinsonism.’ This 
may be secondary to disuse. In view of the low 
vitamin D status of many of these children it is 
impossible to say whether the systemic factor is 
directly related to the disease. 


Implications for management. We conclude that some 
crush fractures can be avoided, provided there is 
adequate vitamin D nutrition and optimal modula- 
tion of steroid therapy using the lowest adequate 
dose, and if possible alternate-day therapy. It is 
essential to appreciate that in children the skeleton 
turns over much more rapidly than in adults and that 
spinal osteoporosis can, given adverse circumstances, 
develop to the point of fracture within a fairly short 
space of time. Prolonged periods of bed rest will 
aggravate such a tendency, and for this there is 
support from our data. Children with TBD values 


more than 2 SDs below normal appeared at parti- 
cular risk. Since steroid therapy is mandatory insome 
of these children, the further role of bone densito- 
metry is to enhance the assessment of future 
therapeutic developments. Meanwhile, we are 
taking steps to ensure that all our patients with 
juvenile chronic arthritis have vitamin D status 
guaranteed by adequate exposure to sunlight or by 
dietary supplements of the vitamin. In this group 
calcium and vitamin D tablets are unsuitable 
because they require chewing, and diluted calciferol 
solution or one of the proprietary multi-vitamin 
preparations in a dose of 400-2000 IU daily is 
preferable.!” 


We thank Ms J A Dattani, Dr D Macauley, and Dr 
D Thomas for their enthusiastic collaboration in this 
study. 
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Value of computerised tomography in children with 
non-specific mental subnormality 


SUNDARA LINGAM, SUSAN READ, IAN M HOLLAND, JOHN WILSON, 
EDWARD M BRETT, AND RICHARD D HOARE 


The Hospital for Sick Children, London 


SUMMARY Seventy-six children had computerised tomography scans as part of an investigation of 
mental subnormality; most of them are severely retarded and all those over age 5 years attend 
special schools. Seventy-two per cent of the children had normal scans. Twenty per cent showed 
cerebral atrophy and in only 8% was there a specific abnormality (agenesis of corpus callosum, 
arachnoid cyst, communicating hydrocephalus). None of these findings had any positive prognostic 
implication. Sedation or general anaesthesia was required for all except one child. Injection pethidine 
compound was used for children under age 5 years or less than 30 kg in weight, and trimeprazine 
orally was used for older children. The radiation exposure was high—5-6 rad per scan, whrh is 100 
times greater than that from a posteroanterior and lateral chest x-ray film. For these reasens com- 
puterised tomography scans cannot be recommended as a routine part of the investigation of 
children with non-specific mental subnormality. 


children with mild dysmorphic features were in- 
cluded—that is children with clinodactyly, single 


The technique of computerised tomography (CT) 
was introduced in 1972. Before then many infants 


and children were subjected to lumbar air-encephalo- 
graphy for the investigation of epilepsy and mental 
reterdation. Brett and Hoare,! in a review from this 
hospital, found that lumbar air-encephalography 
was not of great help in establishing a precise 
diaznosis, nor was it useful in predicting the outcome 
of non-specific mental retardation, and with the 
introduction of CT here in 1977, lumbar air- 
encephalography was abandoned for such purposes. 
This study is an assessment of the value of CT of the 
head in the investigation of mentally subnormal 
chiidren. 


Materials and methods 


The clinical records of children with non-specific 
subnormality were examined and any child who 
also had cerebral palsy or a known cause for his 
mental subnormality—such as karyotype abnor- 
ma ities, documented birth asphyxia, proved meta- 
bolic abnormalities, clinically obvious central ner- 
vous system malformations, or tuberous sclerosis— 
was excluded. Children with microcephaly (head 
circumference less than the 2nd centile) or macro- 
cephaly (head circumference above the 98th centile) 
were not included. There were no children with 
gross dysmorphic features in the series but some 


palmar creases and abnormal pinnae, or mild 
hypertelorism. 

All the scans were reviewed by neuroradiologists 
and were classified as normal, cerebral atrophy, or 
others. 


Results 


The clinical records of 76 children (34 girls and 42 
boys) were analysed. Their ages ranged from 11 
months to 15 years (mean 33 years). Fifty-six children 
were under 5 years. Every child over age 5 years was 
educationally subnormal (ESN) and attended a 
special school. Seven children attended ESN (S, 





Table 1 CT scan findings in children with mertal 
subnormality 

Group Number Normal Cerebral  Abnomnal 

atrophy ooo 
ACC’ AC CH 
Mental subnormality 
(non-specific) 64 48 12 2 1 
TA (18-75%) 


Mental subnormality 
with dysmorphic 12 7 3 2 0 0 
features (58-3 %) (25%) 


ACC =agenesis of corpus callosum; AC=arachnoid cys; 
CH =communicating hydrocephalus. 
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Table 2 Children (n=15) with cerebral atrophy in CT scan 


No of Developmental delay Sedation GA scan Head circumference (centile) 
children —_— 1ualllaaaaaaasasasassassssssssssssssssiÃħiÃħÃĂ SS 


Mild Severe Pethidine Trimeprazine 2-25 25-50 50-98 
compound 
Fn 
<5 years 11 6 5 10 — l 4 5 2 
>5 years 4 l 3 — 2 2 — 3 l 


GA =general anaesthesia. 


Table 3 Children who had scans under sedation and 
general anaesthesia 





Sedation 


Pethidine compond* 63 + intravenous diazepam 11 


(47) 
Trimeprazine 9 
General anaesthesia 
Planned 
Sedation failuret 4 
1 


No sedation 
I 


*Pethidine 25 mg; promethazine 6-25 mg; chlorpromazine 6-25 mg 
in 1 ml. Dose 0-1 ml/kg 45 minutes before scanning. 


severe) schools. Some of the under fives were mildly 
retarded but most of them were severely so, with an 
intelligence quotient (IQ) or developmental quo- 
tient (DQ) of below 50. Twelve of the 76 children 
had mild dysmorphic features. 

The CT scan findings are shown in Table 1. 

Fifty-five (72°%) children showed normal scans 
and 15 (20%) showed cerebral atrophy (dilated 
lateral and 3rd ventricles, prominent cortical sulci, 
and interhemispheric fissure). If the children with 
mental subnormality alone are compared with those 
with both mental subnormality and dysmorphic 
features, the incidences of cerebral atrophy and 
normal scans do not differ appreciably. 

The 15 children with cerebral atrophy were further 
analysed. The results are shown in Table 2. Cerebral 
atrophy was present in children of all ages, being 
present in 3 of the 7 who had general anaesthesia 
and in 12 of the 72 who were sedated. The head 
circumferences of these children ranged between 
the 2nd and 98th centiles. 

Seventy-two children had CT scans under sedation 
(Table 3); 63 children received injection pethidine 
compound (Inj. Peth-Co) and 9 were given trime- 
prazine (Vallergan) orally. In addition, 11 children 
who had pethidine compound needed intravenous 
diazepam because sedation was not adequate, and 1 
child had brief respiratory depression during the 
administration of diazepam. One child did not 
require sedation. Seven (9%) children had scans 
under general anaesthesia with no complications; 
in 3 cases this was a planned procedure and in 4 it 
was done because sedation (pethidine compound + 
intravenous diazepam) had failed. 


Discussion 


CT represents a great advance in the investigation of 
children with various neurological disorders and has 
superseded lumbar air-encephalography for most 
purposes. Nevertheless, because of expense and the 
exposure to radiation, it should not be undertaken 
without careful consideration. 

In 15 (20%) of our patients cerebral atrophy was 
found. This has no precise aetiological or prognostic 
implications and is seen in many disorders of the 
central nervous system both static and progressive. 

Confusion may occur as ‘brain shrinkage’ due to 
fluid depletion as a result of prolonged fasting may 
show similar appearances. Most children are fasted 
for 3 hours before scanning with sedation, and for 
4 hours with general anaesthesia, but sometimes for 
longer periods (up to 6 hours) if there is some un- 
expected delay in scanning. 

Reversible cerebral atrophy has also been seen 
during treatment with steroids and corticotrophin.? 3 
It must be acknowledged that we do not know if the 
same appearances of cerebral atrophy would be 
present if the scans were repeated without fasting. 

Although more specific abnormalities were found 
in 6 children none led to surgical treatment. In 2 of 
the 3 children with agenesis of the corpus callosum 
it was thought in retrospect that the diagnosis might 
have been suspected because of ocular hypertelorism 
and a high arched palate. In the 3 other children 


Table 4 Radiation risk of CT scanners (EMI Medical)* 


General Purpose CT 505 
Phantom scan, 140 kV 28 mA, 20 seconds, 13 mm slice increment 
190 mm field 

Peak skin dose (rad) 


Single scan Multiple 
Brain 1-9 3-2 
Body 1-5 3-5 


Slow scan will increase the dose x 4 

Brain Scanner, CT 1010 

Phantom scan, 120 kV, 33 mA, 60 seconds, and 20 mm slice increment 
Peak skin dose (rad) 





Single scan Multiple 
(2 slice) (8 slice) 
Brain 3-0 5.6 


Slow scan will increase the dose x 4 





*Data obtained from EMI Medical—personal communication (SL) 
and confirmed by Mr K Evans. 
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(2 with arachnoid cysts and one with communicating 
hydrocephalus) the abnormalities were unsuspected. 
Although 2 children had arachnoid cysts, this 
finding did not alter this prognosis except to suggest 
the the children might later develop fits. 

None of these findings had any positive genetic 
implications. The finding of the more specific 
abnormalities may be helpful in suggesting a low 
recurrence risk. Agenesis of the corpus callosum is 
rare y inherited although it has been suggested that 
the Aicardi syndrome + ® of infantile spasms, callosal 
ageresis, and retinal dysplasia may be inherited as 
an X-linked dominant lethal to hemizygous males. 

CT scanning is a simple procedure and only 
requires the patient to lie still for about 15 minutes. 
Seventy-two of our 76 children had to be sedated 
or were even given general anaesthesia; 4 others had 
genera! anaesthesia because of sedation failure with 
the potential risk that this implies. 

The radiation exposure in our patients was not 
slight. The radiation doses from CT scanning are 
shown in Table 4. The machine used was an EMI 
brain scanner, CT 1010 (8 slices) giving a peak skin 
radiation of 5-6 rad (EMI, 1980, personal com- 
munication). In other studies the radiation dose was 
considered to be higher. 67 The radiation is about 
20 times greater than that for a skull radiograph with 
5 views for a l-year-old child (0-3 rad). This should 
be compared with a posteroanterior view and 
lateral chest x-ray film which gives 0-05 rad of 
radzation. 

We consider that CT scanning is rarely helpful in 
children with non-specific mental subnormality, and 
adds disappointingly little to the understanding of 


this condition. We cannot recommend it as a part of 
a routine investigation of children witk mental 
subnormality. 


We thank Mr Neil Picton Robinson, odrincipal 
scientific officer, and Mr K Evans, raciological 
protection adviser, for reviewing and discussing the 
radiation risks, Dr M A Preece for help with the 
statistics, and Dr W C Marshall for advice 
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Value of the glucagon test in screening for hepatic 


glycogen storage disease 


D B DUNGER AND J V LEONARD 


Institute of Child Health and The Hospital for Sick Children, London 


SUMMARY The fasting glucagon test of 40 patients with hepatic glycogen storage disease (type I, 
13 patients; type Ib, 5 patients; type III, 12 patients: type IX (phosphorylase kinase deficiency), 
10 patients) has been reviewed. In all patients with types Ib and III the blood glucose level rose less 
than 1 mmol/l but in types I and IX there was wide variation in response. Blood lactate levels were 
greater than 2:4 mmol/l in all patients with type I and Ib 120 minutes after the administration 
of glucagon but were lower than 2:4 mmol/l in types III and IX. The value of this test for screening 
was analysed using several criteria. From the data a simplified scheme for the investigation of 
patients with suspected hepatic glycogen storage disease is proposed. 


The responses of patients with hepatic glycogen 
storage disease (HGSD) to glucagon are well 
documented,!* and glucagon tests are advocated 
as part of the screening for these disorders.* 4 How- 
ever, their value for this purpose has not been 
assessed. 

In normal children glucagon stimulates glyco- 
genolysis and causes a prompt rise in blood glucose 
levels but this response varies greatly. In a study of 
22 normal children® the mean rise of glucose after 
intravenous glucagon (1-4 mg/m?, about 30 g/kg) 
was 3-92 (range |-72-6-33) mmol/l. Expressed as a 
percentage of the fasting level, the mean rise was 
88% (range 37-155). There is no rise in blood 
lactate level. 

The blood glucose response used to distinguish 
between those with HGSD and healthy children 
has been variously defined as a rise of more than 
(a) 50% of the fasting level, (b) 2 mmol/l,” (c) 4 
mmol/I.° Using any of these criteria patients would 
overlap the normal children. As we have observed 
considerable variation in the response to glucagon, 
we reviewed systematically the results in 40 patients 
to assess the value of the glucagon test both fasting 
and postprandial, in screening for HGSD. 


Patients 


Forty patients were studied, 26 boys and 14 girls: 13 
had type I HGSD (glucose-6-phosphatase deficiency), 
12 had type IIT (debrancher deficiency), and 10 had 
type IX (phosphorylase kinase deficiency). No 
patient with phosphorylase deficiency was studied. 


Several patients were thought to have this condition 
but were all shown subsequently to have type IX. 
The diagnosis was confirmed at liver biopsy in all 
of the patients with type I, in 6 of those with type 
I, and in 6 of those with type IX. The remainder 
were diagnosed by assay of the relevant enzyme 
activities in red or white blood cells. 

Five patients are included in the study who had 
the clinical and biochemical features of type I 
HGSD with increased liver glycogen but the acti- 
vities of glucose-6-phosphatase as well as that of 
fructose-1,6-diphosphatase were normal. They have 
been classified as having type Ib.° 


Methods 


Enzyme activities were determined in the laboratories 
of Professor A D Patrick at the Institute of Child 
Health, London using standard methods.” 10 11 
The duration of fast was not standardised and 
depended on the patient’s tolerance of hypo- 
glycaemia. A short-acting crystalline preparation of 
glucagon was given intramuscularly in a dose of 
20 ug/kg body weight. Specimens for glucose were 
taken at 0, 15, 30, 45, 60, and 120 minutes and for 
lactate at 0, 60, and 120 minutes. 

In 10 patients with type III, 3 with type IX, 1 
with type I, and 1 with type Ib, the test was repeated 
2 hours after a high carbohydrate meal. 

Glucose was measured by the specific glucose 
oxidase method and lactate by the specific enzyme 
method of Hohorst.!” 
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glucagon test is shown in Fig. 1. The mean change 


Results 
for patients with type I was +0-42 mmol/l >ut there 
Fasting glucagon test. was considerable variation (range —4-22 to +3-3). 
The glucose level fell in 4 patients and rose in the 
Chauge in blood glucose other nine. In one patient it rose more than 3 mmol/l 
The maximum change in blood glucose during the and in 2 others it rose more than 2 mmel/l. In 4 
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Conversion: SI to traditional units—glucose: 1 mmol/l~18 mg/100 ml. 
Fig. 1 Maximum change in blood glucose during the fasting glucagon test in patients with HGSD. If there was no rise 


the maximum fall is shown. 
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Fig 2 Maximum change in blood glucose during the fasting glucagon test expressed as a percentage of the festing level. 
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Conversion: SI to traditional units—lactate: 1 mmol/I~9 mg/100 ml. 
Fig. 3 Blood lactate levels, fasting and 120 minutes after glucagon. 


of the patients with type Ib the glucose level fell and 
in the other it remained unchanged (mean —1-53 
(range —2-5 to +0-22) mmol/l). Patients with type 
III showed the least variation, the greatest increase 
of blood glucose being 0-9 (mean +0-36 (range 
—0-33 to +0-9)) mmol/l. In all patients with type 
IX the blood glucose level rose (mean 3-04 (range 
1-28 to 6-2) mmol/l) and in 5 the rise exceeded 
3 mmol/l. 

The change in blood glucose, expressed as a 
percentage of the fasting level is shown in Fig. 2. 
In the patients with types Ib and III the rise was less 
than 50% of the fasting level but in 6 of the patients 
with type I, and 8 of those with type IX there was a 
rise of more than 50%. 


Blood lactate 

In most cases blood lactate was estimated in the 
fasting state and 120 minutes after glucagon (Fig. 3). 
In type III, concentrations were normal and in type 
IX they were normal or only marginally raised 
(<2-4 mmol/l). Fasting lactate levels in patients 
with types I and Ib were, with one exception, 
raised. During the test the lactate levels in these 
patients generally increased and were high at 120 
minutes even if there was a rise in the blood glucose 
concentration. 


Postprandial glucagon test. All but one of the patients 
with type III showed a greater response during the 
postprandial test (mean change in the fasting test, 
0-36 mmol/i; mean change in postprandial test 
1-63 (range —0-72 to +4-2) mmol/l) (Fig. 4). In 
only 2 of these patients however, was the post- 
prandial rise more than 2 mmol/l. Fasting lactate 
levels in patients with type III were normal (Fig. 3), 
but after the carbohydrate meal they were raised 
(mean 2-72 mmol/l, n=5), and fell after glucagon. 

The blood glucagon response of the patients with 
type IX also improved after the carbohydrate meal, 
the rise in the postprandial test exceeding 2 mmol/l. 
The patient with type I showed a slightly improved 
response but the one with type Ib showed a greater 
fall of glucose in the postprandial test. 


Discussion 


Protocols for glucagon tests have not been standard- 
ised in respect of the dose or the route of admini- 
stration of glucagon and there is no agreement of 
what constitutes a ‘normal’ response. The response 
of patients with type I is particularly variable, the 
rise in glucose being related to the residual enzyme 
activity (D B Dunger, A D Patrick, J V Leonard, 
1981, unpublished observations). In those patients 
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Fig.4 Maximum change in blood glucose during the fasting 
glucagontest compared with that during the postprandial test 
in patients with type III and other types of HGSD. 


with very low or undetectable activity there is no rise 
in glucose after glucagon but in those with detectable 
but reduced enzyme activity some glucose is released 
by the liver during the test. We have analysed our 
data using some of the commonly adopted criteria 
to determine what proportion of our patients with 
HGSD would have given a positive result (Table) 
(that is, the glucagon test would have been of value 
as a screening procedure). All patients with types Ib 
and III have an abnormal response whichever 
criterion is used, but a proportion of patients with 
types I and IX will have a normal response. For 
patients with type I HGSD the test achieves an 
acceptable degree of sensitivity only when 3 mmol/l 
or preferably 4 mmol/l is used as a cut-off point but 
at these levels the specificity is likely to be lost as 
many normal subjects would give a positive result. 
For patients with type IX the degree of sensitivity 
is unacceptably low so that even with a cut-off point 
of 4 mmol/l 30% of cases would be missed. 
Simultaneous measurement of blood lactate 
improves the discriminatory power of the test. Our 
patients with type I have raised blood lactate levels 
irrespective of the glucose response to glucagon. If 
the criteria for an abnormal response to glucagon 
are defined as a rise in the blood glucose level of 
<2 mmol/l or a raised blood lactate level (>2-4 


Table Sensitivity of glucose response to glucagen 

as a screening test for hepatic glycogen storage disease 
according to the criteria used to define an ‘abnornal’ 
response 





Criterion adopted 
to denote an 
‘abnormal’ glucose 


Number of patients in whom an ‘abaormal’ 
response obtained 








response to glucagon HGSD type 
I Ib III IX Total 
n=13 n=5 n=12 n=10 n=40 
Rise of 
<2 mmol/l 9 (69) 5 (100) 12 (100) 4 (40) 30 (75) 
<3 mmol/l 12 (92) 5 (100) 12 (100) 5 (SO) 34 (85) 
<4 mmol/l 13 (100) 5 (100) 12 (100) 7 (70) 37 (92) 
50% above 
fasting level 7 (54) 5 (100) 12 (100) 2 (0) 26 (65) 


Percentages are shown in brackets. 


mmol/l) either fasting or during the test, every 
patient with type I, Ib, or IH would have an abnor- 
mal result and 85% of all our patients wculd have 
been detected. 

It has been suggested that the postprandial glu- 
cagon test is of value in the further differentiation 
of the various types of HGSD.* !* In our experience 
an improved response after a carbohydrate meal 
is not specific for type IH HGSD as we have en- 
countered such a response in type IX. Moreover 
not all our patients with type III showed a signi- 
ficantly better response in the postprandial test. 

Fernandes et al.8 have proposed a scheme for 
tentatively establishing the type of HGSD based on 
glucose and galactose loading tests comb:ned with 
fasting and postprandial glucagon tests. Tne identi- 
fication of patients with type I HGSD depends on 
the fall in plasma lactate after an oral glucose load. 
However, in our patients the plasma lactate was 
normal or only slightly raised (<3 mmol/l) in 5 
patients, perhaps because we were more cautious 
and did not fast our patients for as long. As we have 
found more consistent changes during the glucagon 
tests which are independent of the period of fast, we 
propose a simplified scheme for the investigation 
of patients with suspected HGSD (Fig. 5) Tae scheme 
avoids repeated loading or stress tests which may be 
technically difficult and, more impostant, are 
distressing for the children. If the petient has 
profound fasting hypoglycaemia and lactic acidosis, 
further tests are unhelpful and may be cangerous. 
A diagnosis of type I or Ib is likely and liver biopsy 
is indicated. In other patients a fasting glucagon test 
with lactate determinations should be done. If 
lactate levels are greater than 2:4 mmol/l during the 
test irrespective of the glucose response, the likely 
diagnosis is type I or Ib and again liver biopsy is 
indicated. If lactate levels are less than 2-4 mmol/l, 
but the glucose response is abnormal, the most 
probable diagnosis is type III and this may be 
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WBC and RBC enzymes 
RBC glycogen 


“---- HGSD type 1 }----------- HGSD type Ill 
HGSD type 1b HGSD type VI 


Fructose-1, 6-diphosphatase HGSD type IX 
deficiency 


(other disorders of gluconeogenesis) 


confirmed by assay of amylo-1,6-glucosidase activity 
in white cells and by measurement of red cell 
glycogen levels.’ 

A few patients will have type IX or type VI 
(true phosphorylase deficiency),® diagnoses which 
can also be made on white and red cell assay with- 
out the need for liver biopsy. Patients with a normal 
glucose response and normal lactate levels may 
still have HGSD, and white cell phosphorylase and 
red cell phosphorylase kinase assays are justified 
if the diagnosis is still suspected. False-positive 
results may also occur because, in a small number of 
normal children the rise in glucose after glucagon 
may be less than 2 mmol/1.° 


We thank Professor O H Wolff for constructive 
criticism and Professor A D Patrick for many 
helpful discussions. 


The National Fund for Research into Crippling Dis- 
eases provided some financial support for this work. 
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Evaluation of an objective structured clinical examination 


A R WATSON, I B HOUSTON, AND G C CLOSE 
Department of Child Health, Royal Manchester Children’s Hospital 





SUMMARY An objective structured clinical examina- 
tion (OSCE) was introduced at the end of the fourth 
year undergraduate paediatric training. We have 
compared the results obtained with those of our 
traditional method of assessment. We feel that the 
OSCE is a valid and reliable assessment; it provided 
good feedback and was well received by the students. 


The objective structured clinical examination (OSCE) 
is said to provide a valid and reliable means of 
student assessment.! ° It also enables a large number 
of students to be examined in a fairly short time and 
provides valuable feedback both for students and 
teachers.? 4 

Traditionally we assess students at the end of 
their 9-week fourth year paediatric training module 
by means of tutor reports, project marks, multiple- 
choice questions (MCQ), and viva results. The 
students are graded as category A (honours 
potential), B (good average), C (ordinary), D 
(unsatisfactory), E (very unsatisfactory). Our 
students also receive 2 weeks’ tuition in their fifth 
year revision term. The final examination consists of 
an MCQ examination, a long case, short cases, and 
oral examination with a grading system of A (honours 
recommendation), B (good pass), C (bare pass), D 
(fail), E (bad fail). 

At present the fourth year assessment is used 
irregularly for grading students in the final examina- 
tion. There are about 270 students to be taught and 
examined and several teaching units are used so that 
assessment of each group of students varies. Both the 
fourth year and final assessments tend to be norm- 
referenced.® A criterion-referenced method—such as 
an OSCE—in which the specific objectives are set in 
advance should improve the reliability of student 
assessment. 

We therefore used an objective undergraduate 
clinical examination in child health as described by 
Waterston eft al.? and compared the results with 
those derived from our more traditional method of 
assessment. 


Methods 


The students moved round 20 stations (Table 1) and 
the examination lasted 84 minutes. Four clinical 
stations (the one concerned with history taking was 
duplicated) and 5 examiners were used: each 
examiner was provided with a check list for his 
station to score each candidate. Two mothers of 
children recently admitted to hospital—for example 
with convulsions, vomiting, or wheezing—each 
reproduced the history of the event to half the group 
in alternating sequence. Two or 3 patients with 
similar physical signs stood by at each station lest 
there should be patient fatigue and boredom. This 
was particularly necessary in the case of healthy 
infants in the routine examination. Seventeen 
students could be examined as one group using a 
20 station OSCE format. 

Sixty per cent of the marks in the OSCE were 
allocated to the 8 clinical examinations and related 








Table 1 Format of OSCE 
Station Procedure (4 min per station, 7 min history taking) 

1A Take a history from this mother whose child was 
(half class) recently admitted to hospital 

1B Take a history from this mother whose infant was 


(half class) recently admitted to hospital 
2 Questions on 1A 
2B Questions on 1B 
3 Examine the respiratory system of this child 
4 Questions on 3 
5 Examine the cardiovascular system of this child 
6 Questions on 5 
7 Perform a routine newborn examination on this infant 
8 Questions on neonatal problems 
9 Examine the specimen of urine provided and answer 
the questions 


10 Rest 

11 Examine the laboratory report and answer the questions 

12 Examine the CSF report and answer the questions 

13 Examine the x-ray film and answer the questions 

14 Examine the slide and answer the questions 

15 Examine the slide and answer the questions 

16 Examine the haematology report and answer the 
questions 

17 Examine the x-ray film and answer the questions 

18 Examine the growth chart and answer the questions 

19 Examine the prescription sheet and answer the questions 

20 Rest 


LL 
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stations. The remaining marks were allocated to 
short answer questions used in the 10 data inter- 
pretation stations. 

The fourth year training module grading of each 
student is the result of a consensus view and takes 
into account clinical and senior tutor reports, project 
marks, MCQ results, and a 10-minute oral examina- 
tion by one of us (IBH). This grading was assigned 
without knowledge of the results of the OSCE 
examination. 

The OSCE results obtained from a total of 67 
students were used to determine a mean and standard 
deviation (SD) score. We empirically delineated 
OSCE categories A to E so as to compare them with 
our traditional grading system. 








Traditional grading OSCE score 
Category A 

(honours potential) Greater than mean+ 1 SD 
Category B 

(good average) From mean to +1 SD 
Category C 

(ordinary) From mean to —1 SD 
Category D 

(unsatisfactory) From —1 to —2 SDs 
Category E 


(very unsatisfactory) Lower than mean —2 SDs 


EL 


A retrospective analysis of the whole group was 
then carried out to determine the percentage of 
students that would be allocated to each category 
using the traditional method and the OSCE grading. 


Results 


The OSCE results followed a normal distribution 
curve with a mean (+-SD) of 62 (+8 %) (range 45 to 
84). The percentage of students allocated to each 
category by the traditional method and by OSCE 
grading was as shown in Table 2; the mean (+1 SD) 
OSCE scores for each traditional category were: 
A 76 (+6), B 63 (4:6), C 60 (+7), D 51 (+8). 
Sixty-nine per cent of students found the OSCE an 
extremely useful/useful learning exercise, 25% had 
no opinion, and 6% found it of little use/complete 


Table 2 Comparison of the traditional method of 
assessment with the OSCE in 67 students 





Category Traditional assessment OSCE 
method (°%) (%) 

A 10 13-5 

B 35 38 

C 49 30 

D 6 13-5 

E 0 5 


Te 


waste of time. Eighty per cent felt it should be an 
important part of their assessment. 


Discussion 


We have been impressed by the comparative 
objectivity and flexibility of the OSCE. There is no 
doubt that students learn best those subjects on 
which they are to be examined. The OSCE encourages 
them to practise the basic skills of history taking, 
examination, and simple tasks—such as urine 
analysis. The examination provided both student and 
teacher with valuable information and we were able 
to identify areas of ignorance and poor teaching. 

It is difficult to compare the two types of assess- 
ments. To make such a comparison we converted 
‘criterion-referenced’ OSCE scores into ‘norm- 
referenced’ traditional grades and achieved an 
acceptable distribution for the 5 categories (Table 2). 
This should make it easier to identify candidates who 
are likely to attain honours and those who are likely 
to fail. The more objective nature of the OSCE may 
well help to remedy the current variation in assess- 
ments from different units within our own depart- 
ment where, for example, the percentage of A grades 
varies from 10 to 24%. Although there was a 
correlation between the OSCE scores and traditional 
categories, there was only 55% concordance in the 
final grading of students with the two methods. In 
only 5% of cases however, was there major dis- 
cordance (a difference of two grades) between the 
two assessment methods. Most of the discordance 
was in favour of grading upwards by the traditional 
method. The subtlety of deciding whether a student 
is good average (B) or ordinary (C) is stressed by the 
negligible difference between OSCE marks and 
suggests that these two categories should be amalga- 
mated. 

In future we intend to use the end of module fourth 
year assessment results as part of our final examina- 
tion in child health and hence the OSCE results 
should provide a more reliable method if used 
throughout the department; this fact should soon be 
recognised by the students. 

The OSCE was well received by the students who 
found it a useful learning exercise: 80% of the 
respondents felt that it should be an important part 
of their assessment. 

Preparation of the examination was time con- 
suming at first but the advantages to students, staff, 
and patients made it well worth the effort. We hope to 
use this type of assessment in the final examination in 
child health. 


We thank our fellow examiners, and Mrs K Cordwell 
for secretarial assistance. 
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AP 
SUMMARY Meningitis developed in 3 of 14 children 
with occult pneumococcaemia; in 2 of them it 
developed while they were being treated with low 
doses of intravenous penicillin, in the third child it 
developed at a time when he was not being treated. 
All children with occult pneumococcaemia should 
be treated with intravenous penicillin as are those 
with pneumococcal meningitis. 


ae 


Unsuspected pneumococcal bacteraemia is not 
uncommon in febrile children who have no focus of 
infection. 4 Such children are generally aged 
between 6 and 24 months, have a temperature of 
>38-9°C, and leucocytosis >15 x 10°/l. Some of 
them present with febrile seizures. Pneumococ- 
caemia responds well to intravenous penicillin; 
spontaneous resolution has been described.!—4 
However there is the risk of developing meningitis. 
We report 14 cases of occult pneumococcaemia 
in children. Meningitis developed in 2 of them 
despite the fact that they were being treated with 
intravenous penicillin, and it also developed in a 
third child who was not being given antibiotics. 


Subjects and results 


Fourteen children were admitted to Turku University 
Hospital or Aurora Hospital, Helsinki, during 
1977-81 with a high temperature but no focus of 
infection. Two principal symptoms were febrile 
convulsions and abdominal pains. Pronounced 
leucocytosis was present in most of them. Twelve 
children remained in hospital and 2 returned home, 
one of whom was readmitted two days later. 


Blood and spinal fluid were obtained for culture in 
all patients. This was done routinely at presentation 
in hospital. Streptococcus pneumoniae was identified 
using routine laboratory methods. All strains were 
sensitive to penicillin. 

Three children developed meningitis. In each the 
first spinal fluid sample taken on admission con- 
tained fewer than 4-0 x 10°/I leucocytes and had no 
bacterial growth. One 44-year-old girl (Case 1) was 
sent home, but she returned 3 days later with 
pneumococcal meningitis. She was treated with 
intravenous penicillin (450 000 U/kg a dav) and 
sulphafurazole (150 mg/kg a day). Unilateral 
deafness was observed later. The 2 other children 
(Cases 2 and 3) were initially given intravenous 
penicillin (100 000 U/kg a day). This treatment was 
started one (Case 2) day and two (Case 3) days after 
the onset of symptoms. Despite this fever recurred 
and neck rigidity developed a day or two later. 
Case 2 had no bacterial growth in the repeat spinal 
fluid sample but a greatly increased number of 
leucocytes was recorded. He was treated with 
intravenous penicillin (1 000 000 U/kg a day) 
combined with sulphafurazole (150 mg/kg a day). 
Case 3 had pneumococcal growth in the second 
spinal fluid sample and the dose of penicillin was 
increased to 600000 U/kg a day. Both children 
made good recoveries without any sequelae (Table). 


Discussion 


Twenty children have been reported in whom 
meningitis developed after detection of occult 
pneumococcaemia.*~* In 5 of them, meningitis 
developed during oral or low-dose parenteral 
antibiotics. Our study confirms these observations. 


+ 


a 


Table Main characteristics of 14 children with occult pneumococcaemia 
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Case Age Duration of Presenting symptoms Total Spinal Treatment Outcome 
(years) symptoms WBC fluid 
(days) Temperature Convulsions Abdominal (>x 109/1) 
(°C) pains 
1 4-4 l 40-0 — + 25:2 (1) Normal Penicillin Unilateral 
(2)815 leucocytes +sulphafurazole deafness 
culture positive 
2 l <i 39-9 -- + 22.2 (1) Normal Penicillin Full recovery 
(2)345 leucocytes +sulphafurazole 
no bacterial 
growth 
3 0-8 <l 39-5 + -} 38-2 (1) Normal Penicillin Full recovery 
(2) 88 leucocytes 
culture positive 
4 8.2 <i 39-6 — + 39-1 Normal Procaine pencillin* Full recovery 
5 2-2-9 <i 40.2 + + 31-2 Normal Penicillint Fuill recovery 
6 3 <l 38-3 + -— 25.5 Normal Procaine penicillin Full recovery 
7 0-8 <1 39-2 — -+ 235 Normal Penicillin Full recovery 
8 4 = 40-0 — -}- 32:9 Normal Penicillin Full recovery 
9 1-1-9 i 40-0 — -= 28-4 Normal Penicillin Full recovery 
10 1-2 <l 37-8 — + 31-3 Not done Penicillin Full recovery 
11 2-4 <1 39-5 -> + 18-6 Normal Procaine penicillin Full recovery 
12 0-7 3 38-9 -= -— 30-9 Normal Amoxycillin 
penicillin Full recovery 
13 2.7 3 38-5 _ -+ 29-1 Normal Ampicillin 
penicillin Full recovery 
14 3-2 <i 40-0 — —- 13-3 Normal No treatment Full recovery 





*30 000 U/kg a day, t200 000-500 000 U/kg a day, £40 mg/kg a day. 
WBC = white blood count. 


The important finding in our patients is that menin- 
gitis developed despite treatment with intravenous 
penicillin (100 000 U/kg a day). The mechanisms 
underlying this phenomenon are unknown. It has 
been suggested that lumbar puncture might be a 
contributing factor in the pathogenesis of meningitis 
in bacteraemia.!45 The fact that virtually no 
penicillin enters the cerebrospinal fluid when the 
meninges are normal may be relevant. In a recent 
retrospective study Eng and Seligman’ suggested 
that if lumbar puncture-induced meningitis occurs, 
it is sufficiently rare to be clinically insignificant. 
No ethical prospective study can be designed to 
resolve this issue." 

Pneumococcal bacteraemia is a serious illness. 
Although the lesion in some children may heal 
spontaneously (for example, Case 14) prompt 
treatment should be given. Teele eż al.” recommended 
initial ampicillin or amoxycillin for children at risk 
of bacteraemia, since they found that occult bac- 
teraemia was caused by Haemophilus influenzae. 
Feder* suggested that children with symptoms and 
signs compatible with pneumococcaemia should be 
carefully followed up, and penicillin 200 000 U/kg a 
day given intravenously if the blood culture gives a 
positive result. It has been suggested that if the child 
is afebrile and appears well during the second visit 
no treatment is necessary even in the presence of 
bacteraemia.® 4 8 However our findings, and those of 
others, show that all children with pneumococcaemia 
should be treated. The treatment should cover 


meningitis—namely penicillin 400 000 U/kg a day 
intravenously. This view is confirmed by Myers 
et al. Any child in whom symptoms are mild should 
be followed closely after the diagnostic tests because 
it is not known why some children develop menin- 
gitis and others do not.” If lumbar puncture is 
considered essential the initiation of high-dose 
antibiotic regimen is advisable because of the risk 
connected with this procedure. 


Addendum 


Since this paper was submitted Teele eż al.? have 
reported a retrospective study which showed a 
significant association between a lumbar puncture 
performed during bacteraemia and the later develop- 
ment of meningitis. If lumbar puncture is performed 
in a child with symptoms and signs compatible with 
pneumococcaemia they too recommend treatment 
for bacteraemia and meningitis. 
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Response of bedwetting to the enuresis alarm 


Influence of psychiatric disturbance and maximum functional 


bladder capacity m 
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SUMMARY Fifty-four children with nocturnal 
enuresis were managed with the pad and bell system. 
Their maximum functional bladder capacity was 
estimated before they began treatment, and a 
Rutter A questionnaire was completed by the 
mothers. If an average of less than one wet night a 
week is taken as a criterion of success, then 63% of 
them responded in the last month of treatment; 
neither the Rutter score nor the maximum functioral 
bladder capacity predicted outcome. However 26% 
failed to persist with treatment to the end of the 
project and were considered to have dropped out. 
If they are excluded, the initial response rate is 73 %. 
In these cases a Rutter total score of at least 18 was 
found to be associated with failure to respond, but 
the maximum bladder capacity was not related to 
outcome. 


The pad and bell system is effective in the manage- 
ment of bedwetting! but it has the disadvantage of 
requiring a good deal of effort for several weeks in 
order to give it a reasonable chance of success. If a 
patient who is likely to fail to respond can be 
identified in advance, his family will be saved much 
fruitless effort, and other procedures may have a 
greater.chance of success. 

There is a relationship between childhoad 
psychiatric disturbance and enuresis.? There is. also a 
well-documented association. between bedwetting 
and a small maximum functional bladder capacity 

: The Rutter A (parent) scale* provides a convenient 
measure of emotional disturbance in a child; it is 


completed by the mother and can casily be adminis- 
tered in-a busy paediatric clinic. The method of 
estimating the MBC described iby Starfield’ is 
convenient to use in a hospital ol tpatient depart- 
ment. These two tests were used in an attempt to 
predict response to the enuresis : 


Methods 


Selection of cases. Out of a sop of 63 children 
referred with enuresis as the chief complaint, i: was 
decided to manage 54 of them withithe pad and bell. 
The remaining 9 were not treated in this way because 
they had previously failed to respond to an enuresis 
alarm, had parents who seemed incapable of 
co-operating, or had associat problems that 
required attention. No child with an active urinary 
infection was included. 


Method. On the first outpatient clinic attendance 
each mother completed the Rutter! A scale and the 
child had the MBC estimated. The! child also had a 
physical examination and was asked to produce a 
midstream specimen of urine to gend for culture. 
The mother was asked to complete a chart on the 
number of wet nights the child had during the 
next 4 weeks’ before the second outpatient visit. On 
the second attendance at the hospital the MBC was 
again estimated. Further charts were supplied so 
that the mother could again record the number of 
wet nights. The enuresis alarm was carefully demon- 
strated and supplied on loan. The mother was 
encouraged to assist as much as possible in its use. 
She returned once a month to report progress. The 


criterion of a successful outcome was taken to be 
wetting the bed on average less than once a week 
during 4 weeks. A final visit was arranged after the 
child had responded satisfactorily, or after 5 months’ 
treatment without a successful result. The MBC was 
repeated on that occasion. 


Results 


There were 35 boys and 19 girls. The mean age was 
8-6 years (range 5-14, SD = 2-5). Fourteen patients 
stopped the treatment and did not have the final 
MBC carried out (7 boys, 7 girls, mean age 9-2 years, 
drop-out rate 26%); they were categorised as 
successes or failures but with less confidence than 
the 40 who persisted with the alarm. 

Before starting the pad and bell, each child had 
wet the bed on average 20 out of a possible 28 
nights. This number was reduced to a mean of 
11 wet nights in the first 4 weeks of treatment. Those 
who failed to respond wet on average 12 nights in the 
last 4 weeks that they were on the pad and bell. 
Those who responded wet their beds less than one 
night on average (0-35) during the same 4-week 
period. 

Treatment was considered successful in 34 (63%) 
out of the 54 cases. These 34 children were kept on 
the pad and bell system for an average of 16 weeks 
which was significantly shorter than the average 
length of treatment of 22 weeks for the children in 
whom treatment failed (F = 8-0, P<0-01). 


Rutter A (parent) scale scores and outcome. For the 
children who persisted with treatment (n = 40), a 
comparison between successes and failures on 
Rutter A scale T scores using analysis of variance, 
showed that the failures generally had significantly 
higher values (29 successes, mean 11-2, 11 failures, 
mean 17-2, F = 6-3 P<0-05). There was a signifi- 
cant association between failure and a T score of 18 
or more using the y? test (P<0-05); the random 
error coefficient of agreement® also indicated a clear 
association (P1 = 0-54). There were only 8 children 
with T scores of 18 or more,’ 3 of whom responded; 
this was significantly more than might be expected 
by chance using a one-tailed binomial test (P = 0-02). 
Rutter A scale N (neurotic) scores were significantly 
higher in the failures (mean = 3-5) than the suc- 
cesses (mean = 2-2, F = 5-8, P<0-05). Equivalent 
A (antisocial) scores showed no significant 
differences. 

If the total group of 54 cases are analysed in a 
similar manner, differences between high scorers and 
others on the Rutter A (parent) scale fail to reach 
statistical significance (P >0-05). 
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Maximum functional bladder capacity and outcome. 
The first (mean 187 ml) and second (mean 204 ml) 
MBC, done 4 weeks later, correlated r = 0-54 
(n = 54), which was significantly different from zero 
on the normal distribution (P <0-01). 

Successes and failures, of the cases persisting with 
treatment, did not differ significantly on either the 
first or second occasion the MBC test wes carried 
out. 

MBCs estimated just before starting treatment and 
afterwards (about 4 months later) showed no 
significant differences (P>0-05) in eather the 
successes (¢t = 0-3, mean difference = 3 ml) or 
the failures (f = 1-3, mean difference = 18 ml), 
even when height and weight were taken into 
consideration using multiple regression. 


Discussion 


If the view is accepted that ‘active treatment cannot 
help those from whom it is withdrawn’ and conse- 
quently the findings on the response to the pad and 
bell are taken ‘from those who continued to take 
this treatment until the end of the study”. which is 
the approach concerned with ‘clinical efficacy’,® it 
would appear that Rutter A (parent) scale T scores 
could be used to identify a group of bedwetters who 
would be likely to respond to the pad and bell 
provided they persist with treatment. On the other 
hand, if it is required to know whether the same 
measure can predict outcome in the case o“ any child 
put on the enuresis alarm for bedwetting, the 
approach which has been called ‘intention to treat’,® 
then the answer is clearly in the negative. 

Although the results show that the MBC is an 
estimation that can be reliably made in a paediatric 
outpatient department, a previous study’ that 
suggested that a diminution in wetting zan occur 
without the MBC showing any corresponding 
change, was confirmed. There was no evidence to 
show that the MBC is of any use in identiying poor 
responders. 

There was nothing to suggest that the enuretic 
children described here were in any way atypical. 
If an ‘expected’ spontaneous remission rate of 7-5% 
is accepted!® ™ during the period of the study the 
response rate of the cases was highly significantly 
better than this, on the binomial test (P<9-001). 

Further work is needed to find out why some 
families do not persist in using the pac and bell. 
Failure to respond was implicated in « previous 
study!2 but was not an obvious factor in the investi- 
gation reported here. 


We thank Staff Nurse V Dykes for assistance. 
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SUMMARY Bank milk collected by manual expression 
was less likely to be contaminated than milk collected 
by other methods. Contamination with coliforms 
and gentamicin-resistant Gram-negative rods was 
related to the pumps used by donors in their homes. 
Stringent precautions reduced but did not eliminate 
contamination. 





Bacterial contamination of human milk is a well- 
known cause of neonatal illness. To evaluate the risk 
of contamination associated with commonly used 
collection methods, we related the bacterial content 
of frozen bank milk to the method of collection. 


Methods 


Donors were highly motivated unpaid volunteers. 
Donors were asked to wash their breasts and 
nipples as tolerated as well as their hands before 
each collection. Initially, plastic breast cups (Netsy 
cups) were used during breast feeding to collect drips 
from the contralateral nipple. The cups were washed 
before breast feeding and the milk transferred to 
sterile bottles immediately after collection. All 
other milk was collected by manual expression, 
Egnell electric pump, or Loyd B hand pump (Figure); 


ordinary hand pumps were not used.! Collection 
technique was rediscussed with any mother who 
submitted contaminated milk. 

All milk was collected in the donors’ homes, 
transported weekly from the donors’ home freezer 
(about —20°C) to the milk bank, pooled using 
sterile technique, and refrozen at —20°C. A sample 
from each pool was diluted 107, 104, and 10° in 
Mueller Hinton broth and plated on to 5% sheep’s 
blood agar and eosin-methylene blue agar. Aerobic 
colony counts were made after 24 and 48 hours’ 
incubation at 36°C on blood agar and eosin- 
methylene blue agar. Gram-negative isolates were 
further screened by triple sugar iron, urea, Simmons 
citrate, lysine iron agars, and motility-indole- 
ornithine medium. Organisms other than Pseudo- 
monas aeruginosa showing no activity on triple 
sugar iron were identified only as ‘non-fermenters’, 
Gram-positive isolates were screened on blood agar 
and coagulase testing, mannitol salt agar, or 
optochin discs as needed. Quantitative bacterial 
counts were made on blood agar and methylene- 
blue plates. After gentamicin-resistant Gram- 
negative rods (GNR) had been identified in several 
pools, all milk was cultured on brain heart infusion 
plates containing 8 ug/ml gentamicin. Any pool 
containing Staphylococcus aureus, coliforms, 


» 
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Figure Loyd B hand pump (upper) and Egnell electric 
pump (lower). 


pneumococci, group B streptococci, gentamicin- 
resistant GNR, or a total of >10° colonies/ml was 
considered contaminated. 

If no source of contamination could be identified 
in our bank, electric pumps were cultured. Donors 
had been previously instructed to boil the external 
parts for 10 minutes each day. The trap bottle was 
boiled only if overflow occurred. After the cultures 
were performed, donors were told to boil all external 
parts including the trap bottle after each use, and to 
rinse the tubing with vinegar. 

Loyd B pumps were distributed to some donors 
after contamination was linked to electric pumps. 
Donors were told to boil the breast cup and collection 
bottle 10 minutes after each use. Our data were 
analysed by y? analyses. The time before gentamicin- 
sensitivity was routinely evaluated, donor instruc- 
tions modified, and before contaminated pumps 


were gas autoclaved was designated as period 1. 
Period 2 referred to the subsequent period. 


Results 


As shown in the last line of the Table Netsy cups 
were associated with the highest percentage of 
contaminated pools (P<0-01), The overall rate of 
contamination associated with Egnell pumps was 
reduced during period 2 (P<0-05). An intermediate 
percentage of pools collected by Loyd B pumps was 
contaminated. Different species of gentamicin- 
resistant non-fermentative GNR were found in 
pump-collected pools. 

Manually expressed pools were less often con- 
taminated than pools collected by the Egnell pump 
during period 1 (P<0-05). Gentamicin-resistant 
GNR were not identified in manually expressed 
milk, unlike milk collected by Loyd B pump or by 
Egnell pump during period 1 (P<0-01). This 
difference occurred even though the number of 
donors and volume per pool of manually expressed 
milk (6-1 donors; 105 oz) exceeded that for the 
Loyd B pump (5-1 donors; 89 oz) and the Egnell 
pump (2-2 donors; 69 02). 

All 7 electric pumps contained GNR. Gentamicin- 
resistant GNR were identified in’ 4 pumps and 
coliforms in 1. The nipples of 5 donors were cultured. 
Two donors had gentamicin-sensitive GNR. None 








Table Bacterial content of milk pools 
Collection method  Netsy Egnell pump Loyd B Manual 
cup — pump expression, 
Period 1 Period 1 Period 2 Period 2 both 
periods 
Pools 5 37 42 31 6i 
Median total colony 
count ( x 103/m1) 82 5-5 0-8 1-8 1-3 
Median Gram- 
negative colony 
count (x 103/ml) 75 1-1 <0-1 0-4 <0-1 
Percentage of pools containing 
Staphylococcus 
aureus 60 0 5 0 5 
Coliforms 20 24 10 16 7 
> 105 colonies/ml 40 14 5 3 7 
Staphylococcus 
aureus, 
coliforms, or 
> 105 
colonies/ml 80 30 17 19 13 
Gentamicin- 
resistant GNR — 29* 2 10 OT 
Gentamicin- 
resistant GNR 
Staphylococcus 
aureus, 
coliforms, or 
> 105 
colonies/ml — 50* 17 23 107 


*Stains in 14 pools tested for gentamicin sensitivity. t Stains in 39 pools 
tested for gentamicin sensitivity. 
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had gentamicin-resistant GNR. No GNR were 
identified in oropharangeal cultures of the 5 donors’ 
infants. The pumps were used to collect fresh milk 
from the 5 donors. Gentamicin-resistant GNR 
(>107 colonies/ml) were identified in the milk 
collected by 1 mother. Gentamicin-sensitive GNR 
were identified in the milk (>10° colonies/ml) but 
not on the nipples of another donor. 

The median colony count in 2 previous studies of 
milk collected by Egnell pump?’ exceeded our 
values, even during period 1. Klebsiella sepsis has 
been linked to contaminated breast milk feeds 
collected by Egnell pump.* Human milk feeds have 
also been incriminated in other neonatal 
infections.5-" 


Discussion 


Breast pumps, especially Egnell pumps, are widely 
used, and few centres culture milk collected by 
mothers for their infants. 

Strict precautions will reduce but not eliminate the 
risk of contamination during collection of human 
milk. 
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Child health services after re-organisa- 
tion 

Sir, 

The annotation by Dr Wilson! was interesting but I think 
that her message of gloom is too strong. 

Child health area specialists were an essential part of 
the last reorganisation; they acted as catalysts in setting 
up child health services on a firm paediatric (as opposed 
to public health) basis, but these having been created can 
now move on to new fields and fresh challenges. 

Dr Wilson only gives one model for the organisation of 
the child health services from 1 April 1982; the British 
Medical Association. sees a different model and I suggest 
that every district should press for the second option. 
I quote (Dr Wilson’s model is first): 


First, the model which exists in many areas at 
present where SCMOs and CMOQs are managerially 
` accountable to the authority through a community 
physician. 

Secondly, accountability to the authority through 
one SCMO (often titled Principal Medical Officer) 
with a community physician monitoring and co- 
ordinating their work, and responsible for 
evaluation. . .* 


In Scotland this person is called the ‘Clinical co- 
ordinator of child health services’ and such a doctor 
works closely with consultant paediatricians to ensure 
that appropriate training programmes are carried out 
(until such time as national programmes are implemented) 
and suitable doctors appointed. The community physician 
will expect to be consulted and to have his approval 
sought for such decisions, but surely he will be fully 
occupied elsewhere if he has a competent SCMO. 
However, one very real concern is the community child 
health representation at district level and where this will 
come from. 

The managerial change of accountability for work is 
not in itself important. I was pleased that Dr Wilson 
stressed that CMOs and SCMOs are clinically auton- 
omous; this fact has not been recognised by many people, 
which has not enhanced the image of the child health 
doctor. 

Four years ago the community child health services 
were at serious risk of becoming part of a generic third 
force but with the valiant help of consultant paediatricians 
(many of whom confessed that they had never before 
given the community service a thought), and with the 
help of GP colleagues, we fought off that threat. Some of 
those paediatricians have since built up departments of 
child health (closely integrated with community services) 
which no reorganisation can destroy. In particular I 
would mention the supreme efforts made by Professor 
Forfar on behalf of the training of CMOs and SCMOs, 


and the clear recommendations which his committees 
have made towards a unified service. In the Jast four 
years we have come a very long way, which is why I feel 
optimistic about the future. 

Although Scotland always seems to be one step ahead, 
there are exciting developments in child health services in 
inner cities, Nottingham and Newcastle to mention only 
two. These changes have been initiated by paediatricians 
who can see that paediatrics without prevention is like 
treating an overdose while the patient is still swallowing 
the tablets. Their vision is the same as that of the hard- 
done-by, hard working Court committee who said it all 
many years ago,® but unfortunately that report was far 
ahead of its time. However, slowly but surely we are all 
beginning to recognise that the Court report was wise and 
that it recommended practical solutions to our problems, 
many of which may still be relevant. 

If we have the foresight and the courage needed to set 
up integrated child health services in our districts, and if 
we play our cards right, no management structure can 
destroy what we build, but if we hesitate and fail to grasp 
the opportunity then gloom may well be justified. 
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Congenital villous atrophy 


Sir, 

Dossetor: described a patient with presumed congenital 
villous atrophy not secondary to intraluminal events. 
However, barium follow-through showed a dilated 
small-bowel and very slow passage of barium. We 
suggest for this child the diagnosis of intestinal pseudo- 
obstruction, a term that is used for the syndrome in 
which there are symptoms and signs of intestinal obstruc- 
tion without any evidence for an actual lesion obstructing 
the intestinal lumen.* * 

Chronic intestinal pseudo-obstruction exists in two 
forms, primary and secondary. The latter can be the 
result of many diseases..4 Primary chronic intestinal 
pseudo-obstruction is a primary disorder of gastro- 
intestinal motility. Manometric and myoelectric studies 
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of the gastrointestinal tract are often abnormal.* The 
pathological findings vary: smooth muscle atrophy and 
‘degeneration can be seen on a full thickness biopsy; 
degeneration of the plexus myentericus is described in 
other patients; however, normal small bowel histology 
under light and electron microscopical examination is 
possible.* 

Severe villous atrophy is well known in the syndrome. 
It is probably secondary to intraluminal factors—such as 
bacterial overgrowth and toxic bacterial metabolites.’ 

We therefore suggest that Dossetor’s patient had a 
primary abnormality of motility with secondary bacterial 
overgrowth and villous atrophy. 
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Dr Dossetor comments: 


Whether one labels the primary abnormality of motility 
with secondary bacterial overgrowth as ‘stagnant loop 
syndrome’ or ‘intestinal pseudo-obstruction’ is to some 
extent semantic, but since my patient presented with 
steatorrhoea and failure to thrive and did not have any 
‘nausea vomiting and cramping abdominal pain’ 
I preferred the former term. The suggestion that the 
villous atrophy was secondary to intraluminal factors 
might be right in that although the illness started in 
early infancy, the first biopsy showing severe villous 
atrophy was obtained at 29 months, and the recent 
biopsy from the same level as the previous abnormal one 
` has shown substantial improvement. However, the 
atrophic mucosa showed no increased cellularity 
which is usually a feature of villous atrophy caused by 
luminal toxins, and appears to be a feature of the villous 
atrophy of the intestinal pseudo-obstruction syndrome.’ 
For this reason I thought it more likely that the villous 
atrophy was congenital, together with the motility 
disorder. 


Fifth day fits 
Sir, 
The paper by Pryor et alt was interesting because it 
described similar observations to those we published in 
1977?; since then the reality of this syndrome has become 
more convincing. In our neonatal intensive care unit we 
see this type of convulsion, with identical features, 
between 5 and 15 times a year (47 cases between 1974 and 
1980), and authors in France? * and Australia 
(J I Manson, 1977, personal communication) have 
identified it. 

We should like to make the following comments on the 
work of Pryor et al.: 


(1) EEG recordings at the time of the seizures show 
true electroclinical status epilepticus lasting 12 to 
36 hours, with a special inter-ictal tracing that we 
call ‘sharp alternant theta’. This special tracing is 
useful for the diagnosis of the syndrome since it is 
found in 80% of the cases even though it is not 
specific. 

(2) Anticonvulsive therapy seems to be ineffective in 
stopping the fits and it prolongs post-ictal alterations 
of the baby’s tone and consciousness. Currently we 
use this kind of treatment only occasionally and then 
limit the prescription to one or two intravenous 
injections of aaa ea or to one dose of 
phenobarbitone. 

(3) We have never prescribed maintenance anti- 
convulsive therapy. Long-term prognosis seems 
good. Among 37 infants followed up for longer than 
one year (six aged between 1 and 2 years, seven 
between 2 and 3, six between 3 and 4, four between 
4 and 5, six between 5 and 6, and eight between 6 
and 7) one had febrile convulsions at age 17 months 
(he is well at 6 years) and one had fits without fever 
at age 3 years (he is now 54 years old and doing well 
on phenobarbitone treatment). 


We think that it is easy to differentiate between fifth 
day fits and other types of neonatal convulsions using 
the following criteria: term newborn, no perinatal 
asphyxia, no pathological event in the first 4 to 5 days, 
electroclinical seizures with inter-ictal tracing, ‘sharp 
alternant theta’ lasting about 24 hours, spontaneous 
favourable outcome, negative aetiological investigations. 
The long-term prognosis of such a syndrome appears to be 
favourable but needs confirmation. The main question is 
still the aetiological background: in common with 
Pryor et al. our metabolic, toxicological, and virological 
investigations remain negative. It would be helpful if 
other teams with new concepts and different techniques 
could tackle the problem. 
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T Steroid-responsive nephrotic syndrome 


and allergy 


Sir, 

The large and detailed survey by Meadow et al.! * on the 
incidence of allergic features in steroid-responsive 
nephrotic syndrome (SRNS) differs in some ways from 
our recent findings.? In 42 SRNS children associated with 
minimal glomerular changes we could not find a statisti- 
cally significant difference between the frequency of 
allergic disorders, the serum levels of total IgE, and the 
incidence of allergen specific IgE antibodies in serum as 
detected by RAST,* and furthermore there were fewer 
positive skin prick tests. Our data do not support the 
hypothesis that IgE mediated hypersensitivity plays a 
general role in the pathogenesis of SRNS, but they 
strengthen the view that in a smal) group of children with 
SRNS who are characterised by the coincidence of a clear 
history of allergy, a positive skin prick test, and high 
specific IgE antibodies to certain allergens, this patho- 
genesis must be considered. 

Some discrepancies between the results of Meadow 
et al. and our own study must be owing to differences in 
the selection of patients and control subjects as well as to 
the interpretation of skin tests and laboratory data. As in 
other investigations‘ the great majority of children in the 
Leeds study had a SRNS characterised by frequent 
relapses, whereas 26% of our patients were non-relapsers 
_ or ones who seldom relapsed in whom the proportion of 
positive atopic histories or abnormal allergic tests was 
low. Of 16 cases in our steroid-dependent group (which 
had the highest number of relapses) five were labelled as 
atopic, a proportion similar to that in the whole British 
series.) The control population studied by Meadow et al. 
may be biased by the exclusion of children with primary 
atopy, in contrast to our own controls. 

Our criteria for accepting a skin test or RAST as 
pathological were stricter; a weal cf 2 mm diameter 
regarded by Meadow ef al. as a positive skin test was 
classified as 1+ (negative) by us. Results of RASTs were 
graded in our study, and classified as pathological only if 


* RAST = radioallergosorbent test. 
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at least 2+. Only 21% of SRNS patients were counted as 
having a positive skin test and 17% as having a RAST 
class 2 or higher, to at least one of 8 allergens used. 
A comparison between the two series is difficult because 
the spectrum of specific allergens applied for skin tests 
and RAST was different; the source of the allergens 
taken for skin tests differed in the two studies. Further- 
more, no control data for RAST are given in the paper 
of Meadow et al. 

A striking difference between the two investigations 
concerns the type of allergic manifestations observed in 
children with SRNS. Whereas in the British series only 4 
of 26 children with a positive history of allergy had hay 
fever we found it in 6 of our 7 atopic cases. In our series 
we did not find a patient with a clear history of food 
allergy or eczema. However, we can confirm that the 
presence of an overt atopic disorder at the same time as a 
relapse of the SRNS is rare. In our experience most of the 
abnormal skin tests were produced by mixed grasses, rye, 
and oat, and high RAST titres mainly by pollen; in 
Meadow’s series these tests were found to be positive 
predominantly with house dust or Dermatophagoides 
pteronyssinus. 3 

In contrast to the recent findings of the British authors 
and earlier results’ ® we failed to find a significant 
difference in levels of total serum IgE between nephrotic 
and control children and only 4 of our 7 patients with 
SRNS labelled as allergic presented with IgE concen- 
trations higher than 500 U/ml. This discrepancy could be 
attributed to the fact that most of our patients were 
studied at the beginning of a relapse, whereas all British 
patients were in remission. However, this argument does 
not seem to be valid because in another series of patients 
with SRNS serum IgE levels were higher during treatment 
of a relapse than during remission.* We agree with 
Meadow et al. that the association between high total 
serum IgE and allergy is not constant in SRNS; therefore 
the significance of raised serum IgE levels in nephrotic 
children is doubtful. 

In our study we included 18 children with steroid- 
resistant nephrotic syndrome associated with focal- 
segmental glomerulosclerosis, but only one presented 
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Figure Two children with frequently relapsing 
steroid-responsive nephrotic syndrome treated with 
immunotherapy. 
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with atopic features. This low incidence compared with 
SRNS may indicate that the two main histopathological 
forms of the idiopathic nephrotic syndrome—that is 
minimal glomerular changes and focal-segmental 
glomerulosclerosis—are two different disease entities. 
This hypothesis is supported by recent data on the 
frequency of HLA antigens-in these groups of patients. 

We found that HLA B8 was significantly more common 
in patients with SRNS and minimal glomerular changes 
when associated with atopy (38%) but not in those 
without atopy (28%), compared with controls (18%). 
In contrast to an earlier report’ the frequency of HLA 
B12 in SRNS was the same as that in a control group but 
‘was significantly increased in patients with steroid- 
resistant focal-segmental glomerulosclerosis. 

We found that HLA B8 was significantly more common 
therapy (preseasonal hyposensitisation by subcutaneous 
injections of specific allergen extracts) in 2 children with 
frequently relapsing SRNS (Figure). In both patients there 
was a rapid clearance of allergic airway symptoms, and in 
one child there was complete disappearance of proteinuria 
during a period of 3 years without further immuno- 
suppressive therapy, followed by a relapse 8 months after 
immunotherapy was stopped. The other patient continued 
to have a similar SRNS relapse rate dwing immuno- 
therapy as before it. Although the mechanisms of 


immunotherapy in SRNS remain unknown we believe: 


that further trials are indicated in highly selected patients 
with SRNS and frequent relapses who have obvious 
clinical and laboratory symptoms of allergy. 
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Professor Meadow comments: 


This further study of nephrotic syndrome and allergy 
provides additional useful information. It seems that the 
excess of clinical and immunological features of allergy is 
associated particularly with the group of nephrotic 
children who relapse frequently. It is sad that this associ- 
ation does not lead to specific causes of relapse being 
identified for individual children; hence antiallergic 
management and therapy (other than corticosteroids) do 
not seem to be of benefit. í 

The German experience with immunotherapy (cure in 
one child, and no benefit in the other) emphasises the 
need for carefully controlled studies of therapy for a 
condition as variable and unpredictable as relapsing 
nephrotic syndrome. 
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Assisted Ventilation of the Neonate. 
Edited by J P Goldsmith and 
E H Karotkin. (Pp. 390; illustrated 
+tables. £30-00 hardback.) Saunders: 
Eastbourne. 1981. 


This multiple-author book is concerned 
almost exclusively, and in a very detailed 
way, with the ‘how to do it’ and ‘what to 
do it with’ aspects of neonatal ventilatory 
support. It deals with applied pulmonary 
hysiology, resuscitation, the advantages 
Yd disadvantages of different ventilator 
types and of specific commercial venti- 
lators, the application and effects of 
continuous distending pressure, the 
functions and selection of the various 
ventilator settings, the general care of the 
infant and his endotracheal tube, arterial 
blood sampling and blood gas interpret- 
ation, the complications of assisted 
ventilation, the cardiovascular aspects of 
respiratory disease, monitoring, surgical 
management of the airway, transport of 
ventilated infants, and pharmalogical 
adjuncts to ventilatory therapy. In 
addition to the chapters on respiration 
there is an excellent one on nutritional 
care followed by chapters on central 
nervous system morbidity and intra- 
ferative care. 

Inevitably differences in the organisation 
and practice of neonatology between the 
UK and USA limit the relevance of parts 
of this book to UK practice so that, for 
example, the 34 pages devoted to volume- 
cycled and negative pressure ventilators 
may not interest many UK paediatricians, 
and the Draeger babylog ventilator which 
is used frequently in Britain is not 
mentioned. However, the prospective 
reader should not be discouraged since the 
book contains much of universal appeal 
and in general it is well written, up to date, 


well illustrated and referenced, and 
contains a lot of thought-provoking 
information. Despite the fact that 


mortality from respiratory disease is now 
considerably lower as a result of improve- 
ments in intensive care methods, only the 
most arrogant paediatrician would feel 
that the battle had been won. This book 
makes a useful contribution to the 
knowledge of anyone caring for infants 
with pulmonary disorders. However, it is 
a book to be read critically by the already 


initiated rather than used as a cot side 
guide by newly appointed house officers. 
It should find a place in most special care 
baby unit libraries. 


(There is a potentially dangerous error on 
page 261, where in table 14-9 digoxin 
doses have been erroneously printed in 
mg/kg instead of ug/kg.) 

P R F DEAR 


Clubfoot. By V J Turco. Current Problems 
in Orthopaedics Series. (Pp. 193; 
illustrated+ tables. £16-00 hardback.) 
Churchill Livingstone: Edinburgh. 1981. 


This book is written by a recognised 
expert in the field of children’s ortho- 
paedics and contains a pithy review of the 
literature on the aetiology and treatment 
of clubfoot. Uncontentious sections on the 
history of the treatment of the condition 
and the anatomy of the normal foot are 
followed by the author’s own views on the 
underlying nature of this common but 
mysterious deformity and on its treatment. 
The literature is sprinkled with mono- 
graphs on the subject many of which lack 
the authority of this book, and the 
interested senior orthopaedic registrar will 
find that the early chapters answer most of 
his questions and lead him to relevant 
recent original papers for the references are 
well chosen. However, when he reaches 
the chapters on treatment he will be 
disappointed; unfortunately, the author 
gives details of non-operative treatment 
for clubfoot which most surgeons agree is 
obsolete. Nowadays it is thought that 
clubfeet fall into two main groups, those 
that are lax and correctable passively and 
those that are rigidly deformed; it is 
generally recognised that the lax postural 
kind has a good prognosis whatever the 
treatment, and that the rigid kind responds 
best to radical early surgical correction. 
This book could mislead the tyro who 
may surmise that rigid clubfeet respond to 
aggressive non-operative treatment and 
that operations are reserved for failures of 
manipulative treatment, therefore I would 
not recommend it for first essential 
reading. However, the interested experi- 
enced surgeon will find it a good read and 
for him I highly recommend it. 
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Paediatric Anaesthesia. Trends in Current 
Practice. By G Jackson Rees and 
T Cecil Gray. (Pp. 194; illustrated+- tables. 
£15-00 hardback.) Butterworth: London. 
1981. 


The subtitle ‘Trends in current practice’ 
conveys the approach; it is not a textbook 
on all aspects of anaesthetic practice 
applicable to children but a selection of 
topics covered by experts in this field. 


There are reviews of psychological, 
physiological, and pharmacological 
factors that need to be considered when 
anaesthetising children, as well as descrip- 
tions of preoperative preparation, induc- 
tion and maintenance of anaesthesia, and 
intravenous fluid management. The 
section on apparatus, by John Inkster, and 
on respiratory measurement in infancy, 
by David Hatch, were particularly 
interesting. Anaesthesia for cardiac 
surgery, IPPV in children, and trache- 
ostomy and prolonged endotracheal intu- 
bation are dealt with very helpfully, but 
neurosurgical anaesthesia is omitted. 


In the preface the authors indicate that 
the book is intended as a guide for the 
general anaesthetist who is also called 
upon to anaesthetise children; however, 
the special considerations needed in 
day-stay surgery and outpatient dental 
anaesthesia which must constitute a large 
proportion of the anaesthetics adminis- 
tered to children by general anaesthetists 
are not covered; yet there are 85 references 
on the pharmacology of neuromuscular 
blocking agents in children. 


Because experts from different centres 
have written the various interesting 
sections the approaches and standards are 
not as uniform as might have been 
expected from the renowned Liverpool 
team. Although this is far from being a 
‘recipe-book’ on how to administer 
anaesthetics to children there are several 
sections containing authoritative guidance. 
It was disappointing to find that few of the 
many references had been published 
during the last five years. There is only a 
small number of illustrations. 


To encourage an intelligent and 
informed approach this book should be 
read and digested by everyone concerned 
in the anaesthetic care of children, and by 
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those working for higher examinations in 
the specialty. 
PENELOPE B HEWITT 


Van Leeawen’s Newborn Medicine, second 
edition. Edited by C L Paxson, Jr. 
(Pp. 561; illustrated+tables. £24-00 
hardback.) YB Medical Publishers: 
London. 1979. 


This is the second edition of a book that 
first appeared as A manual of newborn 
medicine; it retains Van Leeuwen’s 
original objective which was ‘a think and 
do book, emphasising the do’. Now, 
under the editorship of Charles Paxson, 
there are no fewer than 23 contributors, all 
from the USA. In addition to the conven- 
tional system-orientated chapters there are 
helpful sections on neonatal mortality and 
morbidity trends, high-risk pregnancy, 
practical procedures, radiology, and 
ethical problems. As one might expect 
the broad scope causes much overlapping 
between certain chapters as well as patchy 
quality, but the overall standard is good. I 
particularly liked the way important 
physiological principles were explained 
and supported by nicely reproduced 
figures and tables taken from original 
classical papers. The black and white 
photographs are clear and even the 
reproduced x-ray films show what the 
captions say they should. 

I think this book is too extensive for the 
beginner in neonatal paediatrics for whom 
more simple texts are available, but it 
would be suitable for those who have a 
grounding on the subject and wish to add 
to and consolidate their knowledge at a 
leisurely pace. 

MALCOLM L CHISWICK. 


Ophthalmology for the Pediatric Practi- 
tioner. By R M Robb. (Pp. 163; illustrated. 
$26-00.) Little Brown: Boston. 1981. 


This book contains 11 chapters, the first of 
which is devoted to’ eye examination in 
children and shows the importance of 
routine screening. The remaining chapters 
cover major paediatric eye disorders 


including strabismus, Jens abnormalities, 
glaucoma, ocular infections and inflam- 
mations, developmental abnormalities, 
ptosis and ocular neoplasms, the ocular 
manifestations of systemic disease, and 
ocular trauma. Each chapter covers the 
field well and the author always carefully 
explains the ophthalmological terms used. 
There are excellent diagrams and 
photographs. 

In the chapter on strabismus the 
importance of the cover test is carefully 
and clearly explained and there is 
sufficient detail to enable the paediatrician 
to grasp the rationale of treatment without 
embarking on intricate details. 

The two chapters on ocular manifesta- 
tions of systemic disease and neuro- 
ophthalmology are excellent. For each 
disorder there is a brief description of the 
systemic manifestations and then a clear 
description of the ocular manifestations, 
their visual consequences, and their 
management. At the end of each chapter 
there are comprehensive references to the 
literature. 

Overall this is an excellent, concise 
book which covers an area very much 
neglected until recently and I have no 
hesitation in recommending it to 
paediatricians as well as to ophthalmo- 
logists in training. 

D M CALVER 
Spina Bifida Occulta. Orthopaedic, Radio- 
logical, and Neurological Aspects. By 
C C Michael James and L P Lassman. 
(Pp. 230; illustrated + tables. £20-00 
hardback.) Grune & Stratton: New York. 
1981. 


This reviews the experience of managing 
200 consecutive patients with closed spina 
bifida. The clinical presentation, radio- 
logical investigation, and surgical treat- 
ment are dealt with in considerable detail, 
and there is a chapter on embryology; 
each of the chapters has a useful list of 
references. The particular value of this 
book will be the chapters which discuss 
the problems of managing patients with 
diastematomyelia, lumbosacral lipomas, 


dermoid cysts, and what the authors call 
meningocoele manqué. me 
Although in various places patients are 
said either to have benefited from surgical 
intervention or had their deterioration 
halted, this question is not: examined in 
depth. It is unfortunate that early in the 
introduction it is stated as a fact that 
surgical freeing of the spinal cord and 
nerve roots can be followed by improved 
function; since this is the major question 
the book would have been greatly 
improved if the detailed evidence on this 
difficult subject had been presented in one 
place. This discussion would need to take 
note of the fact that most of the patients 
are children who are naturally showing 
rapid acquisition of motor skills in 
first few years of life but also suffering 
handicap of deformity increasing as a 
result of fixed neurological deficit because 
of growth. The authors acknowledge the 
lack of urological data and this is a 
major deficiency because of the increasing 
importance now attached to the diagnosis 
and management of neuropathic bladder 
in association with closed spina bifida. 
The genetic implications of the condition 
are not discussed. Despite these short- 
comings this is an important contribution 
to the subject and ‘specialists in the field 
will benefit by having this book available. 


BGR NEVILLE 


Shorter notice 

The Battered Child. By N O'Doherty. 
(Pp. 57; illustrated. £9-75 hardback.) 
Bailliere Tindall: London. 1982. 


This is an attractively presented collection 
of colour photographs and x-ray films 
that show the different manifestations of 
non-accidental injury; there are four or 
five pictures on a page each with a useful 
brief explanatory text on the facing page. 
The colour pictures are generally of good 
quality but many of the x-ray films are 
insufficiently labelled and too smal! to’ be 
useful to the junior doctors to whom this 
book may appeal. 


Atlas of Children’s Growth 


Normal Variation and Growth Disorders 
J. M. Tanner and R. H. Whitehouse 
February/March 1982, xi + 206pp., £145.00 (UK only) / $297.50, 0.12.683340.0 


The makings of this fascinating and monumental work date back to 1948 when J. M. Tanner 
and R. H. Whitehouse set out to measure and analyse the great variation in size, shape and 
physique seen in the bodies of children and young adults. This necessitated a longitudinal 
study over a 35-year period. The Atlas of Children’s Growth presents the data collected during 
that study, in charts and photogrammetric pictures, resulting in an important and unique 
contribution to our knowledge of the growth, both normal and abnormal, of children and 
young adults. 


The Beecham Colloquia — a series of occasional meetings on aspects of infection 


Immunological Aspects of Infection 


in the Fetus and Newborn 


edited by H.P. Lambert and C.B.S. Wood 
1981, xii + 250pp., £16.40 (UK only) / $ 39.50, 0.12.434660.X 


The Beecham Colloquia are the published proceedings of a series of occasional meetings con- 
cerned with various aspects of infection, held under the sponsorship of Beecham Research 
Laboratories. The papers presented at this, the second meeting have, in most cases, been 
expanded by their authors — leading authorities in the field. The subjects discussed include the 
humoral and cellular systems involved in defending the fetus and new-born against infection, 
the role of the placenta in protecting the fetus, the defensive system of the mucosal surfaces 
and the part played by the gut microflora, and the contribution of the mother’s milk to the 
defensive system. Clinical aspects are also dealt with. 
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Fibrinolysis and its Inhibition 
The Proceedings of a Symposium organised by the | 
Royal College of Pathologists 


Edited by J. F. Davidson 


Scientific basis—Biological role of fibrinolysis @ Biochemistry of the plasmin system @ Breakdown pro- 
ducts of fibrin and fibrinogen: molecular mechanisms and clinical implications @ Plasminogen activators: 
a morphologist’s view @ Natural inhibitors of fibrinolysis @ Pathophysiology of intravascular coagulation 
and fibrinolysis @ Therapeutic considerations—-Basis of antifibrinolytic therapy @ Clinical pharmacology 
of aminocaproic and tranexamic acids @ Assessment of inhibitors with chromogenic substrates @ Clinical 
applications—Inhibitors of fibrinolysis in the treatment of haemophilia @ Clinical applications of fibrino- 
lytic inhibition in gynaecology @ Antifibrinolytic therapy in genitourinary tract surgery @ Fibrinolysis 
and gastrointestinal haemorrhage @ Tranexamic acid (AMCA) in aneurysmal subarachnoid haemorrhage 
@ Adjuvant treatment of ovarian carcinoma with tranexamicacid @ Future prospects for use of fibrinolysis 
inhibitors. 


Price: Inland £5.00; Abroad US $12.50, including postage 
Payment must be enclosed with order or a surcharge of 50p will be made for rendering invoices and statements 


ORDER YOUR COPY NOW FROM: The Publisher, Journal of Clinical 
Pathology, B.M.A. House, Tavistock Square, London WCIH 9JR 
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The outline of the syllabus is as follows: 
TERM I The Child with Physical Handicaps 


TERM II The Child with Emotional and Educational Handicaps 
TERM III Current Topics in Child Health 


The course is recognised under the National Health Service Regulations 1974. 
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Application forms may be obtained from Professor R W Smithells, Department of Paediatrics and 
Child Health, 27 Blundell Street, Leeds LS1 3ET, Yorkshire. 


From the first tiny tastes through to family meals 


milupa Infant Foods 


Almost half the range is gluten free © 


Milupa Infant Foods are known 
and trusted by millions of mothers 
everywhere. 

Almost half the range is gluten 
free -delicious balanced 
nourishment for babies and just right 
for those first tiny tastes of solids. 

The gluten free varieties are 
part of the whole Milupa range of 
breakfasts, rusks, dinner-time 
savouries, fruits and desserts — a 
‘one-step’ range that takes babies 





from those first steps in mixed feeding 
right through to family meals. 

Have you tried the new 4 Seasons 
varieties? Winter Vegetable Casserole, 
Spring Vegetable Dinner, Summer. 
Salad Variety and Autumn Fruit 
Harvest — 3 delicious dinners and one 
dessert. Spring Vegetable Dinner and 
Autumn Fruit Harvest are gluten 
free x). All Milupa Infant Foods 
taste naturally good. 


milupa 


The new generation of Baby Foods 


Send now to Milupa for free taste samples and further information. 
Department ADC 6/82 Milupa Limited, Milupa House, Hercies Road. Hillingdon, 
Middlesex UB10 9NA Telephone: Uxbridge 59851 


Archives of Disease in Childhood, 1982, 57, 405 


Editorial 


A new editor 


Dr H B Valman has been appointed joint editor of 
the Archives. For the last 10 years he has been 
consultant paediatrician at Northwick Park Hospital 
and at the Clinical Research Centre where he is a 
general paediatrician with particular interest in 
gastroenterology. 

Bernard Valman has already made notable 
contributions to paediatric education and the 
advancement of paediatric science. He has been a 
productive secretary of the paediatric section of the 
Royal Society of Medicine and an effective worker 
on the Paediatric Committee of the Royal College of 
Physicians of London, as well as contributing as a 
Member of the Council of the British Paediatric 
Association. He is skilled at identifying the important 
features within complex matters and communicating 
them to other people, and this has enhanced his 
reputation as a teacher and contributed to the 
success of the books he has written. 


His capacity for hard work, and his flair for 
organisation, together with his enthusiasm for 
paediatrics and skill as a writer should serve the 


Archives well. Long may he thrive. 


Editors of the Archives: 


Hugh Thursfield and Reginald Miller 
Charles Harris and Alan Moncrieff 
Alan Moncrieff and Richard Ellis 
Richard Ellis 

Richard Ellis and Philip Evans 

Philip Evans and Ian Cathie 

lan Cathie and Richard Dobbs 
Richard Dobbs and Douglas Gairdner 
Douglas Gairdner and Roger Robinson 
Roger Robinson and Roy Meadow 
Roy Meadow and Bernard Valman 
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Annotation 


The place of birth 


One of the ill effects of the reorganisation of the 
National Health Service (NHS), among some good 
ones, was to confuse the nature of our obligations 
as physicians by merging the public with the private 
health services, with the result that we do not always 
realise in a particular transaction whether our prime 
responsibility is to our patient—that is, the child; 
our clients—that is, his or her parents; our pay- 
master—that is, the NHS; our peers, represented 
by the General Medical Council; the law, with which 
we usually deal through the medical defence societies t 
the community, working administratively through 
the community health councils; even sometimes our 
professional ‘union’, the British Medical Associa- 
tion; or properly subsuming all of them, our own 
personal and professional integrity. This confusion 
has had particularly sad results in relation to the 
maternity service, in that decisions about what is 
essentially a private assertion of fitness to reproduce 
have been pre-empted by a public concern about the 
statistics by which our reproductive efficiency as a 
nation is rightly or wrongly measured and assessed. 
Morbidity rates might be a better guide; for the 
preservation of a badly handicapped baby is a 
mixed blessing for the baby, his family, and the 
community; and half of the present mortality is in 
babies with congenital defects and at least 20 % in 
babies at the limits of viability. 

It is in this context that we need to pose the 
essentially ethical question of whether, in an over- 
populated world, now coming to the end of its easily 
exploited resources, freedom to reproduce should 
be regarded as an absolute right; or whether, if the 
State is expected to mitigate the effects of natural 
selection on perinatal mortality and morbidity, it 
should exercise some form of community birth 
control in order to ensure that congenital handicap 
is reduced to a minimum. That the State has an 
interest there can be no doubt, not only because 
we all have to live with other people’s children, but 
because we have come, now that we are all to some 
extent socialists, to consider ourselves as our 
brother’s children’s keepers. Kipling, in his fable 
about Mowgli’s upbringing in The jungle book, 
describes the moment of truth when his wolf mother 
has to present the wolf-child, with her litter, to the 
rest of the pack for approval, with the threat of death 
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for the unfit; and Aristotle in his politics is quite 
explicit about the elimination of unhealthy babies at 
birth (and the unwanted before birth). 


‘As to the exposure of children, let there be a law 
that no deformed child shall live. However, let no 
child be exposed because of excess population, 
but when couples have too many children, let 
abortions be procurred before sense and life have 
begun.’ 

Aristotle. Politics. 


As I see it, this is just another facet of the present 
profound political disagreement between those who 
see the State as an extended family and those who 
see it as a free association of those who have 
achieved maturity and independence as a result of 
good genes, good fortune, and a good upbringing. 
Perhaps those who demand a State-run health 
service are tacitly admitting the right of the State to 
determine what form that service should take, and 
what its priorities should be; in which case the 
individual will have to accept the kind of care that 
generates the best statistics. But in that case, the 
data should be carefully collected, meticulously 
analysed, and responsibly interpreted if they are not 
to lead to inappropriate decisions. In an argument 
of this kind, compromise is difficult to reach because, 
like Sidney Smith’s Edinburgh wives quarrelling 
across an alley, the protagonists are arguing from 
different premises; one set of assumptions leading to 
eugenics as the other points back towards what is 
called social Darwinism. Perhaps we need to decide 
consciously what economic price we are prepared 
to pay for moral advantage and vice versa and not 
to assume, like Dr Pangloss, that whatever happens 
providence has so designed things that they will work 
towards the greatest good for the greatest number. 

In the context of the maternity services, our 
present political stance has had two effects: the 
first, to elevate the physician’s proper concern for 
safety into a mandate that governs the arrangement 
which he makes with his client for the conduct of 
pregnancy and birth: the second, to derive from 
ephemeral and fairly crude statistics empirical 
support for the a priori thesis that birth in hospital 
must be safer in all circumstances for mother and 
child. In fact, it might be truer to say that most 


obstetricians feel safer in hospital: many mothers 
feel safer at home: and where babies are safer is 
still a matter of dispute; moreover this last question 
will always remain one because no general answer, 
applicable to all babies for all time in all parts of the 
country and every contingency, can be given, unless 
—as we are now doing—we actually so whittle down 
the domiciliary services, and so alienate the women 
who wish to use them and the professionals 
who wish to provide them, that they are made un- 
safe. What can no longer be taken for granted is 
that the statistics have demonstrated once and for 
all that hospital is safer than home; yet this is often 
the hidden premise on which discussion is based. 


The evidence 


As far as the admittedly out-of-date figures go, they 
would seem to indicate that: 

(1) The safest and perhaps the most acceptable and 
economic policy in present conditions would be a 
70/30% split between hospital and domiciliary 
birth.t 

(2) That given adequate selection in the light of 
present standards and knowledge, low-risk women 
booked for home (or general practitioner unit) 
delivery will generate a lower perinatal mortality 
rate than similar women booked for hospital 
birth, even though mistakes in allocation continue 
to be made.?-® 

(3) That the babies at greatest risk are low birth- 
weight babies born at home though booked for 
hospital—that is babies born unexpectedly at home.’ 
Other high risk groups are babies born to women 
who insist against advice on giving birth at home 
and subsequently require transfer to hospital.® 
Obviously sensible booking is essential; and it is 
apparent that more errors than need to be are made 
even in the light of present knowledge and that more 
research should be directed towards better prediction 
in the future. 

(4) That arguments for the greater safety of hospital 
birth based on crude statistics are not acceptable 
and involve special pleading: it is true that hospital 
figures have in the past been weighted by high risk 
cases: but the same is true of home births in present 
circumstances. Moreover it appears that paediatric 
care of high quality is just as important, if not more 
important, than high quality obstetric care in 
reducing the risk to the class of low birthweight 
babies who generate most of the neonatal mortality 
not due to lethal and incorrigible congenital 
anomalies—that is, not every consultant unit is safer 
than a good home or general practitioner unit since, 
as the Short report has made clear, not every unit has 
adequate paediatric cover. If what is crucial is the 
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intended place of birth at booking, the argument cuts 
both ways.’ ® 


The interpretation 


Having shown, by what can only be called the abuse 
of our own statistics, that we cannot be trusted to 
know what is best for our clients, but only what is 
most reassuring, convenient, and satisfying for our- 
selves (and I couple neonatal paediatricians and 
obstetricians in this) we cannot complain if some of 
our clients drive too hard a bargain in the other 
direction; for we have left them no other way by 
which to assert their ‘interest’. This will include 
considerations other than safety alone, pre-eminent 
though safety may and perhaps should be—such as, 
for instance, the importance for good practice of a 
good doctor getting to know his patients at the right 
level, at birth and death, and in their own setting, 
and for human beings of being born and dying (one 
hopes not both at once) at home. 

But to return to the main argument about the 
place of birth; what is now needed is agreement that 
the available statistics do not give us the excuse to 
coerce women into consultant obstetric units for 
every birth nor on the other hand to coerce the pro- 
fessionals concerned (midwives, general pract- 
tioners, and consultants) into a domiciliary service 
which to make it safer for babies, and their mothers, 
might load them with intolerable burdens of work, 
responsibility, and anxiety. In Semmelwiesses day, 
obstetric hospitals were lethal for mothers, but since 
then we have at least contained, if not eliminated 
completely, the menace of the group A $-haemolytic 
streptococcus (if only to see his brother the group B 
streptococcus step into his shoes) and it is now 
assumed that home is dangerous for babies because 
their lives may come to depend on the immediate 
application of high technology treatments. But 
though it may not at present be possible to foresee 
in the antenatal clinic the outcome of every preg- 
nancy and labour, we are already fairly good at it; 
and to compel every woman to have her baby in a 
fully equipped and fully staffed unit, working at full 
throttle every night and every day of every week 
(and only such units would be safer than home) on 
the grounds that the minority within a minority in 
which the untoward may not have been foreseen, or 
foreseeable, might be safer there, is to pay an 
absurdly high price for a doubtful gain and one that 
may be more than counterbalanced by the very 
slight extra risk of hospital for the vast majority of 
women in whom things would go well at home. Thus 
it has been shown in Guatemala that personal care 
at birth greatly reduces the caesarean section rate.!? 
Moreover, if we discount item by item, and in 
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proportion to their incidence and lethality for babies, 
those complications that are said to weight unfairly 
the perinatal mortality in hospital cases, birth at 
home still emerges as the safer overall option and 
that despite its own adverse weighting with un- 
planned or badly planned deliveries which fall on an 
increasingly inadequate service. Because of this 
weighting, birth at home is becoming statistically 
less safe than it was, while birth in hospital is getting 
apparently safer as the proportion of uncomplicated 
cases booked for hospital delivery rises with the 
availability of beds, the improving health of the 
population overall and the pressures on women to 
opt for birth in hospital.‘ 7°42 


Future policies 


The time has surely come to take another look at 
both sides of the question and to find a solution that 
is acceptable to all parties by reconciling reasonable 
standards of safety with emotional comfort and 
economy. This may involve recognising that booking 
for domiciliary birth may make consultant antenatal 
supervision mandatory; that the general prac- 
titioner’s role in obstetrics may in future have to be 
‘that of covering the midwife by being prepared, 
equipped, trained, and present to resuscitate mother 
or baby should the need unexpectedly arise; that 
neonatal medicine should be included in the training 
of the general practitioner; and that the kind of 
maternity service provided for a given district, area 
or region, should be decided locally by a health care 
planning team on which mothers, midwives, general 
practitioners, obstetricians, and administrators 
should have equal voices. 

In no part of the health service is there more need 
of what Wystan Auden epitomised as ‘new styles or 
architecture and a change of HEART”, if by archi- 
tecture in this context we mean the structure of the 
service as well as of the hospital buildings. We shall 
not get one without the other; and without the 
competition of a community service, the maternity 
hospitals may never feel the need to change their 
attitudes. It is from those for whom everything has 
gone right from the beginning that we shall need to 
find our future leaders; and all the evidence goes to 
show that this depends on early social, emotional, 
and environmental as well as on physical and 
genetic factors. 

Is there a lesson to be drawn from what has 
happened to our maternity services during the years 
since 1958? I believe that there are several. The first 
is not to meddle with plants that are healthy and 
growing well: that is, to leave a service that is 
functioning satisfactorily alone except to deal with 
particular problems, hang-ups, or abuses. The onus 


of proof should be on those who wish to change 
established things, not on those who wish to pre- 
serve them. Evolution is better for everybody than 
revolution; and revolution based on a priori ideas 
rarely does good, especially when these are derived 
from commissions and committees which are neces- 
sarily swayed by experts who so often represent the 
priorities of producers rather than consumers. So 
much for Peel and Cranbrook (although Cranbrook 
actually. recommended only 70% hospital delivery). 
Reform is for the here and now in small things; for 
in the longer run conditions will have changed 
unforeseeably and we shall all be dead. Secondly, 
such changes as are made should not be made on 
the basis of inadequate, out of date, and to some 
extent misrepresented statistics of a general kind 
such as were extracted from the otherwise useful 
and helpful 1958 and 1970- perinatal mortality 
surveys: they are dangerous weapons in the hands 
of interested parties without professional training 
in their use and abuse. Moreover, conclusions that 
have been given life by statistics must be prepared 
to die by them. To base enforced change in an 
important part of the way of life of a nation on: 
wrong figures is a kind of rape. Thirdly, birth, like 
war, is too important to be left to the experts on 
their own; the conscripts also have a right to be 
consulted. Finally we should never forget what has 
been achieved by well meaning, dedicated, and 
competent professionals in liberating nearly every 
family from the nightmare of losing its pivot-—the 
mother—in childbirth, and for making it so 
much easier for babies to survive intact their some- 
times traumatic entrance to the world. For as 
Tennyson said ‘nature is only careful of the type’ 
and professionals are there to mitigate her careless- 
ness about the individual life. But medical care is 
personal or hardly worth having, and for families in 
their reproductive years its charity should perhaps 
begin at home. 

The 1970 perinatal mortality survey could, if 
appropriately analysed, contribute new insights to 
the debate and one hopes that the custodians of the 
data will take up the challenge. 


I am particularly grateful to Dr Marjorie Tew and 
Dr Tony Ellam for help with the preparation of this 
annotation, and readers are advised to consult the 
forthcoming paper by Dr Ellam based on a recent 
lecture given in Cambridge, as well as The place of 
birth (editors Sheila Kitzinger and John A Davis: 
Oxford University Press, 1978) for a more extensive 
treatment of the topic. 
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We welcome five new members to the Editorial 
committee: Barbara E Clayton, professor of 


chemical 


pathology and human metabolism, 


University of Southampton; J A Davis, professor of 
paediatrics at Cambridge University; A S Hunter, 
paediatric cardiologist in Newcastle upon Tyne; 
J S Lilleyman, paediatric haematologist in Sheffield; 

-J S Wigglesworth, paediatric pathologist at the 
Hammersmith Hospital, London. 
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Risk factors in the development of intraventricular 
haemorrhage in the preterm neonate 


M I LEVENE, C-L FAWER, AND R F LAMONT 


Department of Paediatrics and Neonatal Medicine and Department of Obstetrics, Hammersmith Hospital, 
London 


SUMMARY One hundred and forty-six infants of 34 weeks’ gestation or less were repeatedly scanned 
by means of real-time ultrasound to diagnose the presence of intraventricular haemorrhage (VH), 


its severity, and the timing of onset of the condition. We describe a new method for grading the © 
extent of the IVH which does not depend on ventricular size. IVH was clearly present in 52 (369%) . 


of the 146 infants and in 32 (50%) of the 64 infants of 30 weeks’ gestation or less. Repeated scans 
accurately timed the onset of IVH in 41 infants, and 32 (78%) had the first sign of IVH before 72 
hours of age. Thirty-two clinical factors were analysed for possible correlation with the development 
of IVH: outborn compared with inborn, administration of sodium bicarbonate, hypothermia, 
intermittent positive pressure ventilation, continuous positive airways pressure, hypercapnia, severe 
acidosis, and respiratory distress syndrome all reached statistical significance. Analysis of variance 
showed that respiratory distress syndrome was the most important factor, but severe acidosis had 
some independent action on the development of IVH. Seventeen (81%) of 21 infants with hyper- 
capnia (Pco, > 6 kPa) together with severe acidosis (pH < 7-1) developed IVH, of which more than 


half was moderate or severe in degree. 


Real-time ultrasound is a safe and non-invasive 
method of diagnosing intraventricular haemorrhage 
(IVH) with a high degree of accuracy.1~ At-risk 
infants can repeatedly be examined to time the 
onset and severity of the haemorrhage. Knowledge of 
timing allows analysis of clinical events predating 
the onset of the IVH; these may then be analysed 
statistically to determine their importance in the 
causation of the condition. This paper describes 
such a study. 


Methods 


From the beginning of November 1979 until the 
end of February 1981, unselected admissions to the 
neonatal intensive care unit at Hammersmith 
Hospital were prospectively and regularly examined 
with real-time ultrasound. Infants were included in 
the study group if they survived long enough to 
have at least one ultrasound examination of the 
head. The first examination was performed within 
36 hours of admission to the neonatal unit by the 
method previously reported.> All scans were per- 
formed using a Kranzbithlar ADR linear array 
machine fitted with a 5 or 7 MHz transducer. 
Gestational age was determined from maternal 
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dates and gestational assessment by the method of 
Dubowitz et al. If maternal dates were uncertain 
or if there was a discrepancy of more than 2 weeks 
an assessment of maturity was taken as the true 
gestational age. All infants were weighed on admis- 
sion and their birthweight for gestation calculated 
from charts. Infants were considered to be small for 
gestational age if their birthweight was below the 
10th centile for gestational age on the charts of 
Gairdner and Pearson,’ or to be very small for 
gestational age if their birthweight fell below the ae 
centile of Usher and McLean.® 

The infants were studied irrespective of their ise 
of birth. Some were local babies born at Hammer- 
smith Hospital, others were transferred in utero 
from other hospitals to be delivered at Hammer- 
smith, and a third group was born outside the 
hospital and transferred in. Infants in the last group 
were transferred at varying postnatal ages, but were 
not included in the study unless they were 72 hours 
of age or less on admission. In addition, if IVH was 
diagnosed by ultrasound on arrival at Hammersmith 
Hospital they were not included, as events predating 
the haemorrhage could not be accurately determined. 

Infants were initially scanned daily if possible for 


at least the first week of life; thereafter they were 


© 44 


Risk factors in the development of intraventricular haemorrhage in the preterm neonate 


he 


' Pe 
“2% 
ee 


i 


a 
TN 


Normal Grade 1 


Fig. 1 
together with a normal control. 


scanned less often until discharge. The age at which 
IVH was first diagnosed was recorded and the 
maximum grade of the haemorrhage also assessed 
on the 1 to 3 grading scheme as described on page 412 
and shown in Fig. 1. 

The medical notes of all the infants in the study 
were obtained and examined up to the time of 
ultrasound diagnosis of IVH in order to discover the 
factors relating to the onset of haemorrhage rather 
than the events that followed it. In infants without 
IVH the medical notes were examined to record 
events only until the end of the first week of life. 
Information not available from the notes was re- 
corded as such. Table 1 lists the obstetric and 
neonatal details searched for. Asphyxia was defined 
if an Apgar score was recorded of 5 or less at five 
minutes or if intubation lasting longer than four 
minutes had been required. Hypercapnia was con- 
sidered to be mild if an arterial blood gas recording 
exceeded 6 kPa, and to be severe if it exceeded 
8 kPa. Acidosis was considered to be of moderate 
degree if an arterial pH was estimated at between 
7-1 and 7-2, and severe if any pH below 7-1 was 
recorded. Infection was assigned as present if positive 
blood cultures were obtained, or a strong clinical 
suspicion of infection was present. A patent ductus 
arteriosus was considered present if a characteristic 
murmur was heard together with a collapsing pulse. 


Grading the IVH. Grading the size of the IVH has 
caused considerable confusion as there are several 
methods in use all of which use the size of the lateral 
ventricles.? 9-!¥ Flodmark ef al.!? have questioned 
the validity of such grading systems. They studied 
the relationship between the ventricular size, the 
degree of IVH, and postnatal age. Infants examined 
after 2 days not only had larger ventricles but 
showed increasingly severe enlargement for each 


Grade 2 


Table | 
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Grade 3 


Examples of scans showing the grading systems used to describe the severity of the intraventricular haemorrhage, 


List of risk factors considered to be important 


in the development of intraventricular haemorrhage 


Obstetric 











Neonatal 
Survival Gender 
Place of birth Intrauterine growth retardation 
Local Mild 
In utero transfer Severe 
Outborn Asphyxia 


Maternal age 
Maternal infection 
Prolonged rupture of membranes 
Maternal illness 
Any 
Diabetes 
Pre-eclamptic toxaemia 
Grade 
Eclampsia 
Maternal hypertension 
Multiple pregnancy 
Maternal drugs 
Steroid 
B-mimetics 
Antibiotics 
Fetal distress 
Cardiotocography 
Meconium 
Antepartum haemorrhage 
Abruptio 
Praevia 
Induction of labour 
Mode of delivery 
Vaginal vertex 
Forceps 
Kielland’s 
Breech extraction 
Caesarean section 


Hypoglycaemia 
Convulsions 
Base 
Sodium bicarbonate 
THAM 
Respiratory distress syndrome 
CPAP 
IPPV 
Hypercapnia 
Mild 
Severe 
Acidosis 
Moderate 
Severe 
Infections 
Transfusion 
Blood 
Plasma 
Aminophylline 
Patent ductus arteriosus 
Hypothermia 
Recurrent apnoea 
Pneumothorax 





progressive grade of IVH. This indicates that after 
age 2 days the ventricular size is as much related 
to the postnatal age as to the extent of the haemor- 
rhage. For these reasons they felt that neither the 
amount of ventricular blood nor the size of the 
ventricles was a good index to ‘use for grading 
the extent of IVH. 

Liquid blood in the ventricles will probably not 
be detected by ultrasound, and any grading system 
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based on liquid blood (like all computerised tomo- 
graphy (CT) studies) is unlikely to be of particular 
value. In the light of Flodmark and colleagues’ 
remarks our grading system is dependent on the 
size and extent of the cerebral haemorrhage, and 
not on the ventricular component. In this study we 
have graded germinal matrix or intraventricular 
haemorrhages into mild, moderate, and large, and 
described the ventricular size separately.14 15 


Grade I, Mild haemorrhage, originating in the region 
of the germinal matrix with no inferior or lateral 
extension beyond the most lateral border of the 
‘ Jateral ventricle. 
Grade 2. Moderate haemorrhage with some down- 
wards extension into the basal nuclei on at least one 
side, or involvement of the caudate nucleus to the 
region of the genu of the lateral ventricle posteriorly 
on parasagittal scans. 
Grade 3. Large haemorrhage, with any degree of 
extension laterally or superiorly into the cerebral 
parenchyma. 

Thesé three grades are shown in Fig. 1. 


Statistics. Two different methods of statistical 
analysis were performed. Initially in an attempt to 
select clinical items which may have had an impor- 
tant bearing on the development of IVH a series of 
2 X 2 x? analyses with a Yates’s correction was 
done. Where appropriate Fisher’s exact test was 
used instead of, or as well as, the y? analysis. The 
factors that correlated strongly with IVH on the 
above analyses were then re-examined to determine 
whether they acted independently of each other. 
This was done by multiple regression analysis 
adapted to discrete data (generalised linear inter- 
active modelling —‘GLIM™). 


Results 


One hundred and forty-six infants were studied. 
Their gestational ages ranged from 27 to 34 (median 
31) weeks and their weight from 705 to 2920 (median 
1390) g. The number of scans each infant received 
ranged from 1 to 41. Thirty (21%) of the infants 
were born at Hammersmith Hospital to mothers 
living locally. Fifty-nine (40%) were in utero transfers 
born at this hospital, and- 50 (34%) were born 
outside and transferred here. 

Overall, 52 (36%) of the 146 had IVH and in 7 
(5%) infants no clear diagnosis could. be made; 
these infants were designated as- having equivocal 
scans. The degree of severity of the haemorrhage 
was graded as described earlier and Table 2 shows 
the distribution of haemorrhage by gestational age 
group. 


Table 2 Incidence and severity of intraventricular 
haemorrhage according to birthweight 


Intraventricular haemorrhage 
None Mild Moderate Severe Egutvocal 





30 weeks and less 29 17 6 9 3 
31-32 weeks 34 5 3 1 3 
33-34 weeks 24 8 2 i I 
Total 87 30 11 11 7 





The incidence of IVH of any grade of severity 
was broken down according to gestational age (Fig. 
2) and there is a pronounced decline in frequency 
of IVH after. 30 weeks’ gestation. Thirty-two (50%) 
of 64 infants born at 30 weeks’ gestational age or 


‘Jess had IVH, whereas only 19 (23%) of 81 born 


between 31 and 34 weeks’ gestational age had IVH 
(x? = 9-2, P= 0-02). Eleven (31%) of the 36 
infants of 33 and 34 weeks’ maturity had IVH com- 
pared with only 8 (18%) of 45 of those born at 31 
or 32 weeks’ maturity. The distribution of equivocal 
scans by gestational age is also shown in Fig. 2. 


Timing of the haemorrhage. In 41 (79%) of the 52 
infants with IVH, frequent scanning permitted 
accurate timing of the haemorrhage to the nearest 
day (Fig. 3). Ten (24%) of the 41 timed haemor- 
rhages occurred within the first 24 hours of life, and 


Incidence ot IVH 
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29 30 31 32 
Gestational age (weeks ) 
Fig. 2 Incidence of intraventricular haemorrhage by 
week of gestational age. Light dots represent the 
proportion of infants with intraventricular haemorrhage 
and the number at the top of each column the number of 
infants in each gestational age subgroup. Heavy dotted 
area represents the proportion of equivocal scans. 
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Fig. 3 Timing of intraventricular haemorrhage in days. 


Last column (U) represents those infants in whom 
accurate timing was not possible. 


32 (78%) of the 41 within 72 hours of birth. Only 
one infant (a boy born at 29 weeks) had a haemor- 
rhage after the first week of life, and this was timed 
as occurring on day 11. 


Analysis of risk factors. There were 83 boys and 63 
girls in the study of whom 29 (35%) and 23 (37%) 
respectively developed IVH. Twenty-two (15%) 
infants died, 11 of whom were boys, and 12 (55%) 
of these 22 infants had IVH (9 boys and 3 girls). 

In the most immature group (30 weeks and below) 
the incidence of IVH ranged from 49% for the in 
utero transfers to about 60% for the locally delivered 
babies and postnatal transfers. In the more mature 
groups, outborn babies had a higher incidence of 
IVH than either the local babies or the in utero 
transfers born at Hammersmith Hospital. 

All the risk factors were compared against 
the presence or absence of IVH irrespective of 
grading. Table 3 shows factors that reached statistical 
significance. Of the obstetric factors, only place of 
birth was important when in utero transfers were 
compared with outborn infants (P = 0-03). Of the 
neonatal factors sodium bicarbonate administration 
to the infant, infection, and hypothermia all reached 
at least the 5% level of significance. Twenty-three 
infants received base, all by slow intravenous infusion 
and 14 developed IVH. The median volume of 
THAM was 1-9 ml/kg in infants without IVH, and 
2-6 ml/kg in those with haemorrhage. The median 
amount of sodium bicarbonate was 1-70 mmol/kg 
in those without IVH, and 1-55 mmol/kg in those 


Table 3 Factors that reached statistical significance 
on x* analysis 


IVH No IVH P 

In utero transfer 17/58 35/81 0-03 
Bicarbonate infusion 

compared with no base 9/12 3/74 0-02 
Respiratory distress 

syndrome 36/61 16/78 <0-0001 
IPPV 31/49 21/90 <0-001 
CPAP 24/37 27/99 <0-001 
Mild hypercapnia 13/25 38/111 0-003 (0-004) 
Severe hypercapnia 24/37 27/99 <0-001 
Severe acidosis 17/21 34/115 <0-001 
Hypothermia 12/20 40/119 0-045 (0-048) 


Figures in brackets represent significance for Fisher’s exact test. 


with it. Comparisons of amounts given to infants 
with and without IVH showed no significant 
difference using the Mann-Whitney U test. 

Respiratory complications in the infants were 
most highly correlated with haemorrhage. Res- 
piratory distress syndrome (RDS) (P < 0-0001), 
and the requirement for respiratory support either by 
intermittent positive pressure ventilation (IPPV) 
(P < 0-001), or continuous positive airways pres- 
sure (CPAP) (P < 0-001), were all highly associated 
with the presence of IVH. Any degree of hypercapnia 
(P < 0-001) had a strong association with haemor- 
rhage and acidosis with a pH of below 7-1 being 
strongly related to IVH (P < 0-001). Mild acidosis 
(pH 7-1 to 7-2) showed no difference when com- 
pared with non-acidotic infants (P —0-30). Twenty- 
one infants had some degree of hypercapnia as well 
as severe acidosis, and 17 (81°) developed IVH, 9 
of whom had moderate or severe degrees of 
haemorrhage. 


Analysis of variance. The following factors which 
correlated strongly with IVH on y? analyses were 
considered together: RDS, IPPV, hypercapnia, 
severe acidosis, the administration of base, and 
gestational age. Analysis of scaled deviance by 
means of ‘GLIM’ showed that the best predictors of 
IVH were RDS and severe acidosis, with IPPV and 
gestational age having a lesser effect. In an initial 
analysis the administration of base showed low 
predictive value; therefore in the second analysis 
gestational age was substituted for it. The influence 
of hypercapnia and infusions of base appeared to be 
negligible once the other factors had been allowed 
for. The prediction equation was: Logit (P) = 
0-99 RDS + 0-62 IPPV + 0-48 hypercap + 0-91 
acidosis + 0-69 gestational age where P is the 
probability of IVH. RDS, severe acidosis, and IPPV 
were given the value of 1 if present and 0 if absent, 
and gestational age the value of 1 if <30 weeks, or 0 
if >31 weeks. 
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Fig. 4 Proportion of infants with intraventricular 
haemorrhage expressed by the severity of the 
aemorrhage. White area is grade 1, light dots grade 2, 
and heavy dots grade 3. Number of infants in each 
subgroup is shown at the bottom of the column. 


Grading the IVH. Thirty infants had mild IVH, 11 
moderate, and 11 severe. Fig. 4 shows the grade of 
IVH expressed as a percentage by gestational age 
group. The less mature the infant the greater is the 
proportion of severe haemorrhages that occur. When 
moderate and severe haemorrhages are considered 
together and compared with mild haemorrhages for 
two gestational age groups (30 weeks and below, 
and greater than 30 weeks) no statistically significant 
difference was found (Fisher’s exact test P = 0-56). 

In order to further study the factors that influence 
the severity of the haemorrhage, mild IVH was com- 
pared with both moderate and severe haemorrhage 
grouped together. Multiple y? and Fisher’s analyses 
were performed as above. No neonatal factors at all 
showed any statistically significant difference at a 
5% level, but fetal distress did reach statistical 
significance (P = 0-049). 


Pathological correlation. CT was not available at 
Hammersmith Hospital during the 18-month course 
of this study. During this time 42 infants died who 
had been previously scanned, and of these 31 were 
submitted to necropsy. Table 4 gives details of these 
infants. 

No clear diagnosis (equivocal scans) could be 
made in 2 infants, and neither had IVH at necropsy. 
Of the 29 in whom a diagnosis could be made, 18 
were thought on ultrasound to have IVH, and this 
was confirmed at necropsy in 15. No false-negative 
diagnoses were made. The overall agreement be- 


Table 4 Details of infants who died with intraventricular 
haemorrhage diagnosed on ultrasound and actual 
diagnosis at necropsy 
OOO Ee 


Deaths 42 
Post-mortem examinations 31 
IVH on scan and at necropsy IS of 18 
No IVH on scan or at necropsy ll of II 
Fquivocal scans 2 





tween definite ultrasound diagnosis and necropsy 
findings was 26 (90%) out of 29. 


Discussion 


This study has confirmed that cerebral real-time 
ultrasound diagnosis agrees with necropsy findings 
in 90% of infants for presence or absence of 
haemorrhage. This compares favourably with the 
accuracy of CT in the detection of this condition.!” 
We have also shown that certain identifiable risk 
factors make the development of IVH in the preterm 
infant much more likely. RDS, mechanical ventila- 
tion, hypercapnia, acidosis, infusion of base, and 
gestational age all correlate highly with the onset on 
IVH. Analysis of variance has shown that many of 
the factors are interdependent, and mechanical 
ventilation and hypercapnia probably reflect the 
severity of the RDS. Acidosis exhibits some indepen- 
dent action but the infusion of base is related to the 
acidosis and is not very important in its own right. 

The finding that RDS?! and consequent hyper- 
capnia are important risk factors is not new. 
Hypercapnia was initially suggested as being 
important in the development of IVH in 1961,!° and 
this condition has been subsequently found to 
correlate highly with IVH by a number of investi- 
gators,” *° although Kosmetatos et al.2! could not 
confirm it. 

Historically the analysis of neonatal risk factors 
for the development of IVH has relied on necropsy 
data with all its attendant limitations. More recently 
with the advent of CT scanning the incidence of the 
condition has been studied in living infants. Frequent 
re-examinations of the babies have not been possible 
and timing of the event was not attempted. Without 
this knowledge consideration of risk factors could 
not be positively allocated to cause or effect of the 
haemorrhage. Ultrasound does*permit repeated re- 
examination with no risk to the infant, and we have 
attempted to analyse the risk factors in infants with 
IVH only up to the time of the haemorrhage. In 
those without IVH the risk factors were analysed 
up to the end of the first week of life as only one of 
the 41 infants developed a cerebral haemorrhage 
later. 
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The relationship between maturity of the infant 
and development of haemorrhage showed a high 
incidence of IVH in the least mature infants and 
this is well known. Half the infants of 30 weeks or 
less had IVH in this study. There was however a 
striking decrease in the incidence of haemorrhage 
after the 30th postmenstrual week, and this is 
perhaps of importance in consideration of the timing 
of delivery in a compromised fetus. The reason for 
the fall in prevalence of IVH at this time is probably 
related to maturation of the vascular anatomy”? or to 
the physiology of cerebral autoregulation affecting 
the germinal matrix capillaries. 

The age at onset of IVH has until recently been 
inferred from necropsy material, and is likely to 
reflect a bias towards more severe and therefore 
lethal haemorrhages. Although IVH has been 
reported in the stillborn infant,?"~*" it is generally a 
condition that occurs after birth. Various methods 
designed to time the onset of haemorrhage have 
depended on analysis of the proportion of radio- 
actively labelled red cells”? *° or the proportion of 
adult erythrocytes*’ in the intracerebral clot found 
at necropsy. The range for the onset of bleeding in 
10 infants was between 3 and 96 hours in one study, 
although the median time appeared to be within the 
first 24 hours.?’ Tsiantos et al.” studied 78 infants, 
and 12 (16%) developed IVH before age 24 hours, 
half of them within 7 hours of delivery. These studies 
are of great interest but may only reflect timing of 
the most severe and fatal bleeds. 

Despite a number of studies of IVH in living 
infants using either CT or ultrasound to diagnose 
the IVH there have been no reports on precise 
timing of the onset of haemorrhage. This study 
shows that of 41 infants in whom accurate timing 
was possible, nearly 80% developed the lesion 
within 72 hours of birth, and late haemorrhage was 
rare. This agrees well with the work of Tsiantos and 
colleagues.”® 

More haemorrhages occurred in infants who were 
born outside the hospital and then transferred here 
than in infants born here, and this reached statistical 
significance when in utero transfers were compared 
with outborn babies. This difference disappeared 
when the maturity of the infants was further broken 
down owing to smaller numbers. The in utero trans- 
fers consistently had the lowest incidence of IVH 
irrespective of maturity but it is difficult to draw 
conclusions from these data because the babies did 
not represent a population study. Generally in utero 
transfers had a lower incidence of haemorrhage, 
probably because they were considered to be a 
high-risk group with consequent close monitoring 
and special attention. 

Few studies have considered the place of birth 
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and related it to IVH. Dykes et al.” could find no 
significant difference in the incidence of IVH 
between inborn and outborn infants, but they did 
not appear to admit to hospital all babies below a 
given birthweight or gestational age, and therefore 
place of birth must be considered to be as yet an 
unproved risk factor. It is probable that during 
transport cardiorespiratory complications are likely 
to arise and be undetected which would probably 
predispose the infant to haemorrhage. 

Disregarding place of birth, obstetric factors did 
not appear to influence the risk of IVH. In a review 
of data on necropsies an association between IVH 
and maternal infection, pre-eclamptic toxaemia and 
primiparity was found” but this was not confirmed 
by studies of IVH diagnosed in life.” *! 

Conflicting reports have appeared on the risk of 
IVH in growth-retarded infants.** 3° This study did 
not find that intrauterine growth retardation pre- 
disposed to haemorrhage whether the growth failure 
had been mild or severe. Multiple gestation has also 
been implicated in predisposing to IVH®*! but this 
has not been found by other investigators, nor was 
it so in this study. 

Cardiorespiratory complications of neonatal care 
have long been considered to be the most important 
predisposing risk factors in the development of 
IVH. RDS as discussed above, and its treatment by 
CPAP”! or IPPV”° 2! are such factors. In this study 
RDS, CPAP, and IPPV all correlated very strongly 
with the development of IVH. In the Hammersmith 
Hospital neonatal unit few of the most immature 
infants received CPAP without IPPV, although in 
the subgroup of 31 to 34 weeks CPAP alone was 
thought to be justified for moderate to severe RDS. 
Consequently the strong association between CPAP 
and IVH in the least mature subgroup probably 
reflected the hazards of IPPV as this was the 
principal form of treatment. 

Severe acidosis was found to be an important and 
independent factor in the development of IVH, 
although mild acidosis (pH 7-1 to 7-2) did not appear 
to increase the risk of haemorrhage. Again there is 
conflicting evidence from two previously reported 
studies in living infants on whether acidosis is an 
important risk factor in the development of IVH. 
Kosmetatos ef al.*! stated that it was, whereas 
Dykes eż al.™ did not find it was so. The acidosis may 
reflect poor tissue perfusion and in fact be secondary 
to hypotension but as it was not possible to measure 
blood pressure continuously in all the infants in this 
study, this must remain speculative. 

Wigglesworth et a/.** noted that in infants above 
30 weeks’ gestation IVH virtually did not occur 
without RDS and suggested that this might be due 
to the management of the condition. Anderson et 


416 Levene, Fawer, and Lamont © 


al. also suggested that the administration of base . 


might be associated with intracranial haemorrhage. 
Whether or not the base had been given before or 
after the. onset -of haemorrhage has been much 
debated, but prospective studies have suggested 
that rapid infusion of hyperosmolar sodium bicar- 
bonate was associated with a significantly increased 
incidence of [VH*4 and Dykes et al.® found that 
the administration of sodium bicarbonate after the 
first day of life was also a significant risk factor. 
This present study found that significantly more 
base had been given to infants before the onset of 
the haemorrhage but this was secondary to severe 
acidosis for which the base was given. The volumes 
of base used in this study are small, and have been 
infused slowly. It is possible that if massive amounts 
were again to be given, as in previous years,™ this 
factor might actually produce IVH by its hyper- 
osmolar effect. 

The cumulative effect-of RDS and severe acidosis 
appeared to give a good prediction of which babies 
would develop IVH. Seventeen (81%) of 21 infants 
with hypercapnia (an index of the severity of RDS) 
as well as severe acidosis developed IVH, 9 of whom 
had-moderate or severe degrees of haemorrhage. 
Most authors agree that the greater the extent of 
the haemorrhage the more likely is there to be 
residual neurological handicap. It is possible that 
careful monitoring to detect and prevent mild 
degrees of hypercapnia, as well as correction of 
acidosis before the pH. falls below 7-1 may 
reduce the incidence of more severe IVH, and con- 
sequently lessen the risk of long-term neurological 
handicap. 

Hypothermia was found to be weakly associated 
with IVH, and does not seem to have been reported 
in previous prospective studies. Apnoea has been 
suggested as being of importance in the develop- 
ment of haemorrhage™ but was not found to be so 
in this study. In a previous paper we did not find it 
to'be associated with IVH after haemorrhage had 
occurred. Changes in blood pressure could not be 
analysed as blood pressure was not regularly 
measured on infants during the main part of this 
study. The number of transfusions, which may 
reflect episodes of hypotension, did not however 
correlate with IVH. 

It is clear from Fig. 4 that the more immature 
infants tend to have more severe haemorrhages and 
consequently fewer mild ones. This trend reverses 
with maturity up to 34 weeks, but the severity of 
risk factors does not seem to influence the eventual 
size of the haemorrhage. Another factor that may 
influence the maximum extent of the haemorrhage 
is the anatomical position of the initial lesion. Pape 
and Wigglesworth®’ describe massive venous in- 


farction after germinal matrix haemorrhage due to 
obstruction of the terminal veins, and it is con- 
ceivable that secondary venous infarction may occur 
after a fairly small haemorrhage if it was in close 
proximity to these vessels. This would give the 
appearance of extensive haemorrhage and is prob- 
ably indistinguishable on ultrasound from true 
intraparenchymal haemorrhage resulting from ex- 
tension of a germinal matrix bleed. 

From this study and from those of others it is 
apparent that there is no single predisposing cause 
of IVH, but that multiple factors may be important 
to a lesser or greater degree depending on the 
maturity of the infant. It is clear that in order to- 
minimise the risk of IVH in preterm infants obses- 
sional attention must be paid to their management. 
Continuous monitoring of carbon dioxide tension 
when readily available will be vital, and close 
attention to blood: pressure and pH may also be of 
great importance in an effort to avoid major fiuc- 
tuations. With this attention to detail in the manage- 
ment of the at-risk infant, [VH may be avoided and 
the chance of subsequent handicap be reduced. 
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Pulmonary sequelae of neonatal respiratory distress 
in very low birthweight infants: a clinical and 
physiological study 
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SUMMARY Twenty infants, mechanically ventilated in the neonatal period for respiratory distress 
syndrome, were compared with 15 healthy controls, matched for birthweight (less than 1501 g) but 
greater in mean gestational age. Clinical features and lung mechanics (by whole body plethysmo- 
graphy) were recorded at 6-monthly intervals until about one year. The neonatal course of the 
mechanically ventilated infants was commonly complicated by tracheobronchial hypersecretion 
and the later course by a fairly high incidence of lower respiratory tract illness. In this group, 
thoracic gas volume, dynamic compliance, pulmonary-and airways conductance were all abnormal 
during the middle 4 months of the first year and reverted towards normal towards the end of the 
first year. The control group had normal lung mechanics. Early lung function tests were of limited 
value in predicting later lower respiratory tract illness, which was more common in boys, after 
neonatal mechanical ventilation for longer than 24 hours or raised ambient oxygen for longer than 
5 days. There were few predictive physical signs. In this group of very low birthweight infants, 
respiratory distress syndrome of sufficient severity to require mechanical ventilation led to significant 
physiological and clinical disturbances of lung function which lasted into the second 6 months of life 


and which were particularly severe in those who had recurrent lower respiratory tract illness. 


Recent advances in ventilatory support have im- 
proved survival for preterm infants suffering from 
respiratory distress syndrome (RDS).1~* However, 
it has become clear that some survivors may develop 
pulmonary sequelae. Thus bronchopulmonary dys- 
plasia is not rare in infants of low birthweight who 
are treated with intermittent positive pressure 
ventilation (IPPV).5- Chest infections during the 
first year of life are a common sequel. Several 
studies of pulmonary mechanics have shown that 
i i lung function is not uncommon after 
IPPV.5 1 13 Such effects as these might be expected 
to be more severe in very low birthweight infants, 
who form an increasing proportion of newborn 
infants requiring respiratory intensive care. 

This report represents the results of a prospective 
study of a cohort of infants with birthweight 
<1501 g admitted to the Premature Baby Unit of 
Hammersmith Hospital who survived the neonatal 
period. Pulmonary sequelae were studied clinically, 
together with investigations of lung mechanics 
during the first year of life. The aim was to describe 
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the sequelae and to determine possible aetiological 
factors. 


Patients and clinical management 


Patients were drawn from a cohort of 86 infants 
with birthweight <1501 g admitted to the Premature 
Baby Unit at Hammersmith Hospital between 
December 1978 and November 1979. Forty of the 
59 surviving infants took part in the study after 
informed parental consent had been obtained; 19 
survivors were not enrolled since it was thought that 
regular follow-up was unlikely. 

For the analysis of Jung function tests, the 40 
infants followed up were divided into three groups 
according to diagnosis and early respiratory support. 
Fifteen of the infants (the control group) had no 
significant neonatal respiratory disease and required 
<48 hours of oxygen therapy, although 2 were 
briefly subjected to IPPV, one for no clear reason 
at a referring hospital? and the other for 24 hours 
postoperatively after a laparotomy for intestinal 
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obstruction. Twenty of the infants (the IPPV group) 
had neonatal RDS requiring IPPV. The other small 
group of 5 infants had a variety of respiratory 
disorders and treatments and, because of this, have 
not been included in the analysis of the lung function 
data. Ten of the 15 control infants and 17 of the 
20 infants in the IPPV group followed up for longer 
than 8 months provided most of the follow-up data. 

For the retrospective analysis of perinatal factors 
and later clinical features in the prediction of subse- 
quent lower respiratory tract illness (LRTI), the 
data from all 40 infants were used. 

Infants were managed according to well estab- 
lished principles,'* with the exceptions that con- 
tinuous positive airways pressure (CPAP) was not 
used to treat RDS before proceeding to mechanical 
ventilation and that a high ambient oxygen con- 
centration (FjO,) was used in preference to early 
IPPV, if this provided adequate oxygenation. 
Mechanical ventilation was carried out, without 
muscle paralysis, according to the principles of 
Reynolds.!” 

The equipment used included pressure-limited, 
time-cycled ventilators (Vickers Neovent 90) and 
humidifiers (Vickers). Size 2-5 to 3-0 mm shouldered 
oro-tracheal tubes (Portex) were used if endo- 
tracheal intubation was needed. Regular tracheal 
toilet (after instillation of 1 ml physiological saline 
when necessary) was performed at 1-2 hourly 
intervals. 


Methods 


The perinatal course of these infants was docu- 
mented at the time of the inpatient treatment, and 
their subsequent clinical course assessed at about 
6-monthly intervals to about one year of age. At 
each follow-up visit a history was taken and the 
examination was carried out by one of us (Y C W) 
who knew the background of the infant. 

Gestational age was based on the mother’s dates 
and gestational assessment.'® Diagnoses of transient 
tachypnoea of the newborn and RDS were made 
using clinical and radiological criteria.'’ LRTI was 
documented if an infant was readmitted to hospital 
with chest x-ray evidence of acute pulmonary 
changes. 

Lung mechanics were measured at each follow-up 
attendance. The first study was performed just 
before discharge from the premature baby unit or 
the referring hospital. With one exception, only 
patients who no longer required raised ambient 
oxygen were studied. All measurements were per- 
formed 30-60 minutes post-prandially. Infants over 
age one week were sedated with trichloryl 100 mg/kg 
unless specifically contraindicated. The infant was 


placed in the right lateral position inside a plethys- 
mograph. Once the infant was sleeping quietly, an 
oesophageal balloon catheter was inserted orally 
into the stomach. Watching the oscilloscopic display 
of oesophageal pressure (Poes), the catheter was 
withdrawn slowly until the pressure signal became 
inverted, indicating that the balloon was then in the 
oesophagus. The rebreathing apparatus with its 
built-in pneumotachograph'® was then carefully 
manipulated into place, and the face mask sealed 
around the mouth and nose with silicone putty, 
taking care to avoid pressure on the nose and ensure 
a tight fit. The oesophageal balloon was then inflated 
bringing it into its working range.'® Pulmonary 
conductance (Gp) and dynamic compliance (Cayn) 
were calculated from at least 10 breaths of reason- 
able regularity.”° 

Thoracic gas volume (TGV) and airways con- 
ductance (GAW) were measured by an adaptation of 
a plethysmographic technique?! in which the infant 
rebreathed heated humidified gas, using a re- 
breathing apparatus containing occluding valves.'® 
The characteristics of the catheter/transducer 
systems (Valedyne MP45-1 for oesophageal pressure, 
box pressure, and flow; SE Labs 1150 for mask 
pressure) and the amplifiers) UV chart recorder 
(Emma, SE Labs) have previously been described.” 
TGV was calculated from at least 3 separate airway 
occlusions. Calculation of GAW was based on 
changes in gas flow and alveolar (box) pressure 
between points of mid-iso-lung volume. 

The statistical tests used were the two-tailed y? 
test with Yates’s correction, or the Student’s ¢ test. 


Results 


Perinatal features. The perinatal data for the control 
and IPPV groups are presented in Table 1. As the 
mean gestational age of these weight-matched groups 
differed, so too did the incidence of lightness-for- 
dates. 

In the control group, only one infant received 
high ambient oxygen (>60%) and 2 were briefly 
mechanically ventilated (see methods). In the IPPV 
group, 15 infants received high ambient oxygen 
concentrations (median duration 258 hours) and 5 
required peak inspiratory ventilator pressures 
>25 cmH,O (median duration of IPPV 108 hours). 
Twelve required subsequent prolonged CPAP 
(>24 hours). There were some differences in the 
incidence of cardiorespiratory complications be- 
tween the groups (Table 1). No patient in either 
group had lobar emphysema, pulmonary haemor- 
rhage, meconium aspiration, or cystic fibrosis. 

No significant differences were found between the 
control and IPPV groups in the incidence of parental 
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Table 1 Perinatal data (mean or median values + range 








the intention was to eliminate the few who had 








or SD) CPAP very briefly during weaning from IPPV. By ? 
Control IPPF setting the 24-hour minimum time limit for IPPV, ` 
group group it was intended to exclude those who were ventilated 
Number of Infants {5 ys very briefly, generally just before and during transfer 
Gestational age (weeks) 31-64:2-0% 29-141-6 from referring hospitals. 
Birthweight (g) eas ei ieee The interval symptoms which were significantly 
Light-for-datest 10 . 1 more common in those who required readmission 
a ; A for LRTI were a weak cry and shortness of breath 
Prolonged rupture of membranes as reported by mothers. Other symptoms—such as 
>24 hours i s F snoring, nasal discharge, cougb, wheeze, feeding 
rene ara difficulties due to shortness of breath, and frequency 
At | min 5-74:2-5 4-T43-4 of upper respiratory tract infection—were similar in 
a onan an eee ae prevalence in the two groups. Signs which were 
Pulmonary collapse/consolidation 0 6 appreciably more common in those who required 
Tracheobronchial 0 > 8 ee ‘ . 
arent cared ag dienes readmission for LRTI were the presence of stridor, - 
clinically 3 10 abnormal cry, and abnormal chest movements. ` 
Stridor 0 3 l 
* P.<0-05, t birthweight <10 centile, ?3 34 t oxcessive airways secretion Lung mechanics. Because of the changes in lung 
requiring bronchial lavage.35 
400 
smoking, fetal wastage, steroid administration to 
mother in labour, antepartum haemorrhage, amnio- 
centesis, chronic amniotic fluid loss, or prolonged _ 
rupture of membranes. E 
v 
Lower respiratory tract illness in infancy. The clinical § 
features at follow-up examinations in the 6 infants $ 
who required hospital readmission for LRTI were g 200 
compared with those in the 34 infants who did not. | 
These two groups were similar for gestational age % 
and birthweight. $ 
The 6 infants in the LRTI group were severely " = 
compromised by the LRTI (one died with radio- 
logical evidence of bronchopulmonary dysplasia, 
while 2 others were admitted moribund but survived). 
The features which distinguished the LRTI group es 
from the others were gender (all 6 were boys), the Body weight (kg) 
need for CPAP >24 hours (4/6: 0/34), and IPPV Fig. 1 Relationship of thoracic gas volume and body 
>24 hours (6/6: 15/34), and oxygen therapy >5 weight. O= controls, @ = IPPV group; the box 
days (6/6: 12/34). By choosing CPAP >24 hours, indicates mean + 1 SD for control group. 
Table 2 Lung mechanics (mean values +. 1 SD) 
0-4 months 35-8 months 9-12 months 
Control IPPY Control IPPY Control IPPY 
Body weight (kg) 21 2-1 5-1 5-0 7-1 8-1 
TGV body weight 30-9:45-5 31-74:8-2 21-3443 * 27-146-8 21-946-05 26-347-4 
(ml/kg) (n =. '15) (n = 16) m = 7) (a = 15) (na = 12) (n = 20) 
Cdyn/TGV 0-053+0-019  0-038+0-011  0-0784-0-013" 0-05340-026  0-07640-023 0-069-+0-025 
(ml/em H,O per mf) (a = 6) (n = 15) m = 5) (n = 13) (n = 7) (a = 15) 
l 0-22+0-10 0-1740-08 0-21+0-04 ** 0-1140-02 0-1640-14 0+10-+0-07 P 
(per second/cm H,O) (n = 8) (n = 15) (n = 5) (2 = 13) (n = 8) = 15) i 
Gaw/TGV 0-29-+4-0-15 0-21+40-10 0-2040-05 ** 0-1240-04 0-13+0-08 0-12+0-08 
(per second /cm E0) (n = 14) (n = 15) (n = 6) (n = 14) (n = 12) (n = 20) 





TGV — thoracic gas volume; Cdyn — dynamic compliance; Gp = pulmonary conductance; GAw = airways conductance; 
*p<0-05; * P< 0-01; P < 0-001; ù number of observations. 
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Fig. 2 Relationship of dynamic lung compliance and 
thoracic gas volume (key as Fig. I). 


function which occur during the first year of life, 
the first year was divided into three 4-month periods 
before comparing the control and IPPV groups. 
Mean data are presented in Table 2 and graphically 
in Figs 1 to 4. 


During the first 4 months, apart from a suggestion . 


of low compliance in the IPPV group, there were no 
demonstrable differences. However, there was a 
significant difference in lung mechanics between the 
two groups during the middle 4 months of the first 
year; TGV was higher, while both dynamic com- 
pliance and flow conductance were lower in the 
IPPY group. The differences in resistance and com- 
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Fig. 3 Relationship of pulmonary conductance and 
thoracic gas volume (key as Fig. I). 
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Fig. 4 Relationship of airways conductance and thoracic 
gas volume (key as Fig. I). 


pliance were present whether normalised for body 
weight or TGV. There was no difference between the 
light-for-dates infants and those who were appro- 
priate for dates, within the control group. No 
differences were discernible during the last 4 months 
of the first year. Within each age-band the mean 
body weights of the two groups were similar at the 
time of testing. 

The subgroup of 6 infants (all from the IPPV. 
group) who were readmitted to hospital after the 
neonatal period with LRTI, had particularly poor 
lung function compared with the 14 other patients 
in the IPPV group or with the control infants. Those 
suffering recurrent LRTI had very significant 
hyperinflation (mean TGV 37 ml/kg) as well as a 
reduction in mean specific airways conductance 
(0-06 per cmH,O/second) at age 9-12 months, 
indicating continuing severe airways disease. 


Discussion 


Perinatal factors. This prospective study was 
designed to investigate the pulmonary sequelae in 
survivors of very low birthweight, and was not 
intended to be an epidemiological study. The selec- 
tion of admissions to the Hammersmith Hospital 
Premature Baby Unit was dependent on many 
factors apart from strictly clinical decisions. Some 
inborn babies were preselected by early antenatal 
referral for high-risk prégnancy, while others Were 
in-utero transfers of babies with mothers in labour 
from local hospitals. Infants transferred postnatally 
from other premature baby units were also pre- 
selected by many factors at the referring hospital, 
apart from the condition of the infant. 
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The selection of a matched control group is clearly 
important. It would have been inappropriate to use 
clinical data on the incidence of chest infections from 
a historically, geographically, or socially different 
population to compare with that of the present 
study. Furthermore, normal values of lung mechanics 
vary considerably between studies, so that com- 
parison with other data could be misleading. De- 
fining the control group as those who required 
<48 hours’ oxygen therapy in practice excluded all 
those with RDS, although the group did include 
2 infants who were briefly mechanically ventilated. 

The higher mean gestational age of infants in the 
control group and the higher proportion of light-for- 
dates infants, probably accounted for the fairly 
uneventful respiratory course. The severity of the 
respiratory failure in the IPPV group can be deduced 
from the duration of IPPV (median 108 hours) and 
oxygen therapy (median 258 hours). Although the 
two groups were matched for birthweight, the higher 
proportion of light-for-dates infants in the control 
group could have made it difficult to ascribe differ- 
ences in sequelae to the effects of RDS or IPPV 
alone. However, within the control group, there was 
no difference in normalised lung function between 
normal and light-for-dates infants. 

The incidence of the various complications of 
pregnancy or labour was not different between the 
control and IPPV groups. It would appear that 
premature labour was the common end result of 
several perinatal factors. No individual factor could 
be identified specifically as the cause of prematurity 
or as a possible predisposing factor in chronic 
respiratory disease in this small group of infants. 
There were insufficient infants with RDS alone (not 
requiring IPPV) to be able to distinguish the effects 
of RDS (or oxygen therapy) from those of IPPV 
and its complications. 

The IPPV group not surprisingly exhibited a 
higher incidence of nearly all pulmonary complica- 
tions during the intensive care period and, signi- 
ficantly, tracheobronchial hypersecretion. 


Clinical follow-up. The use of the strict criteria for 
the diagnosis of LRTI (readmission to hospital for 
lower respiratory tract illness with chest x-ray 
evidence of acute changes) was necessary to prevent 
two possible sources of confusion: mild LRTI 
diagnosed and managed at home, or hospital 
admission for minor LRTI, causing concern to 
anxious parents or physicians. 

Criteria have been less rigid in many earlier studies, 
most. of which are therefore not directly comparable 
with this one.” 2%-28 However, Bryan et al. reported 
a significantly higher incidence of LRTI in the 
ventilated survivors of RDS compared with the 


non-ventilated, normal preterm group, a finding 
which matched the present study. The appreciably 
higher incidence of LRTI in the IPPV group does 


` not however tell us whether RDS was responsible 


or its treatment. 

Among the many symptoms one would normally 
seek during the course of a routine follow-up, only 
a weak cry and shortness of breath were particularly 
noted by the parents of the LRTI group. An ab- 
normal cry, stridor, and abnormal chest movements 
were the only physical signs significantly present. 
These results show that many of the symptoms and 
signs routinely sought at follow-up clinics are 
probably irrelevant (for example the number of 
upper respiratory tract infections) while only a few 
clinical features may be relevant to the identification 
of those at risk of serious respiratory tract illness 
during the first year. 

Even though there were only 6 infants in the LRT} 
group, there was a statistically significant association 
with the male sex, CPAP >24 hours, increased 
F0, >5 days, and IPPV >24 hours. This may 
suggest that boys are more susceptible to LRTI, 
but could be a result of their increased susceptibility 
to RDS and its complications. 


Physiological studies. Thoracic gas volume per unit 
body weight was significantly higher during the 
middle 4 months of the first year in the IPPV than 
the control group. This suggests that gas trapping 
may be a common phenomenon in this group of 
survivors. There are no directly comparable pub- 
lished data. Stocks et al.*” demonstrated no signi- 
ficant difference in TGV between normal preterm 
infants whether or not ventilated. However, her 
population of preterm infants had a mean birth- 
weight nearly 1 kg greater than the infants in this 
study. It is not inconceivable that infants of verv 
low birthweight (<1501 g) may suffer more severe 
lung damage than larger low birthweight infants. 
Our finding of increased lung volume during the 
middie 4 months of the first year suggests the 
presence of continued lung disease, with resolution 
towards the end of the first year. 

The increased lung volume in the IPPV group was 
presumably secondary to airways disease, as 
suggested by the significantly low airways and 
pulmonary conductance during the middle 4 months 
of the year. Whether these measurements of con- 
ductance were corrected for differences in TGV or 
body weight made no difference to the conclusion. 
This pattern of changes in lung mechanics persisted 
into the last 4 months of the year, although the two 
groups were no longer statistically significantly 
different. The findings are similar to those of Stocks 
and Godfrey, applied to larger preterm infants. 
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Small airways damage may be at least partly respon- 
sible, fibroplastic proliferation obstructing small 
airways having been demonstrated in fatal chronic 
lung disease.” The localisation of airways damage 
to large or small airways awaits the development of 
more sensitive tests of airways function. 

Even during the first 4 postnatal months, Cayn 
was significantly lower in the IPPV group than in 
the controls, and the difference persisted into the 
middle third of the first year. There was no demon- 
strable difference between the two groups in the last 
4 months of the first year, a finding similar to that 
of other workers.® *-?? Whether the abnormal Cayn 
was due to a true increase in lung stiffness or was a 
reflection of uneven regional time-constants remains 
uncertain in the absence of a satisfactory method for 
measuring the static pressure/volume curve of the 
infant lung. 

The physiological consequence of disturbed lung 
mechanics is that ventilated RDS survivors exert 
more effort for the same effective ventilation than 
do their normal counterparts. The clinical conse- 
quence of disturbed lung function appears to be an 
increased incidence of severe LRTI in infancy. 
Indeed, as a group, those children who did suffer 
significant LRTI during the first year of life had the 
worst lung function. This group presumably has the 
greatest risk of long-term sequelae. 


Conclusions 


For infants <1501 g at birth, the pulmonary 
prognosis seemed to be good during the first year 
of life if there was no significant neonatal respiratory 
illness. Prognosis for those who were ventilated for 
RDS was less favourable with a significantly higher 
incidence of LRTI in infancy, and abnormalities of 
lung mechanics during the middle 4 months of the 
first year, with a return towards normality by the 
end of the first year of life for most infants. The only 
infants with persistently abnormal lung function 
were those who, having survived severe RDS, had 
recurrent LRTI in infancy. Their long-term prognosis 
may be poor. 

Early lung mechanics were of limited value in 
predicting later LRTI. However, neonatal require- 
ment of CPAP for over 24 hours, raised ambient 
oxygen for longer than 5 days, and IPPV for more 
than 24 hours, symptoms of shortness of breath and 
weak cry, and signs of dyspnoea and abnormal cry 
may be interpreted as warning signs, alerting the 
attending physician to the increased risk of LRTI in 
infancy. 

We can only speculate on the long-term pulmonary 
outcome in the absence of any large, controlled 
prospective study. Certainly radiological changes 


may persist for several years,2? while even in the 
absence of symptoms, subtle functional abnormali- 
ties can be detected late into childhood in survivors 
of severe RDS.*! On an even greater time scale, 
there is evidence to suggest that pulmonary disorders 
of infancy may have life-long consequences.** 
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Acute renal failure complicating cardiopulmonary 


bypass surgery 


S P A RIGDEN, T M BARRATT, M J DILLON, M DE LEVAL, AND J STARK 
Department of Nephrology, Institute of Child Health, University of London, and Thoracic Unit, 


Hospital for Sick Children, London 


SUMMARY Acute renal failure developed in 24 (5-3 %) of 456 children undergoing cardiopulmonary 
bypass surgery during a 2-year period. It was more common in younger children, in those with 
complex cardiac lesions, and in those with long overall bypass times. Fourteen (58%) recovered . 
renal function; renal failure was responsible for death in only two. Early vigorous peritoneal 
dialysis is advocated after cardiopulmonary bypass surgery if there is oliguria (<1-0 ml urine/kg 
per hour) resistant to volume repletion, dopamine infusion and diuretics, intractable fluid overload, 


or hyperkalaemia. 


Acute renal failure (ARF) has long been known as 
an important complication of cardiopulmonary 
bypass surgery (CPBS) and carries a poor prog- 
nosis. The incidence of postoperative ARF differs 
in reported series, being influenced by the criteria 
used for its definition and the patient population 
studied, as well as by intrinsic variation. Chesney 
et al? observed ARF in 20 (8-1%) of 248 infants 
undergoing cardiac surgery: 6 were dialysed and 
13 (65%) died. Bhat et al.® studied 490 adults 
undergoing open heart surgery and identified 21 
(4-3°%%) in whom the plasma creatinine concentration 
exceeded 5 mg/100 ml (440 umol/I); 11 were dialysed 
and 14 (67%) died. 

We have formed the impression that ARF remains 
a major problem after CPBS in children; perhaps 
advances in surgical technique have resulted in 
complex operations being performed on sick infants 
hitherto deemed inoperable. We therefore embarked 
Of a prospective study of the incidence of ARF in 
children undergoing CPBS in order to investigate 
the factors which predispose to ARF and its out- 
come with treatment. 


Patients and methods 


Four hundred and fifty-six children underwent 
CPBS in the thoracic unit of The Hospital for Sick 
Children in 1978-79. The unit is a national and 
international referral centre for children with con- 
genital heart disease and therefore receives a high 
proportion of complex cases. 

CPBS was carried out under hypothermia using 
core cooling; surface cooling was also used in some 
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sick infants. The pump was primed with citrate- 
phosphate-dextrose anticoagulated whole blood and 
Hartmann’s solution to give a haematocrit on by- 
pass of about 0-3. Flow rates of 2-4 1/m* surface 
area were used with periods of reduced flow and 
circulatory arrest as appropriate for the surgery 
undertaken. All children had urinary catheters in situ 
during surgery and during at least the first post- 
operative day. Gentamicin (2 mg/kg 8 hourly) was 
given prophylactically for 5 days to nearly every 
infant and to older children if surface prosthetic 
material had been used, unless renal impairment 
supervened. Frusemide (0- 5-5 mg/kg intravenously) 
was administered only if a diuretic was clinically 
indicated. 

We have not attempted to distinguish between 
oliguria arising from poor renal perfusion and 
established acute tubular necrosis; in this complex 
clinical state in which diuretics have been admini- 
stered and many other factors are operative, such 
distinction is often difficult and is of little practical 
importance as the outcome is determined by the 
inability of the kidney to fulfil its excretory role 
whatever the underlying pathogenesis. In this study 
all children who developed oliguria (the production 
of <1-0 ml urine/kg per hour averaged over 4 hours) 
resistant to volume repletion, dopamine infusion, 
and diuretics (frusemide 5 mg/kg intravenously), or 
hyperkalaemia (plasma potassium >6-0 mmol/l), 
or increasing uraemia (urea: >40 mmol/l) were 
defined as having ARF and were dialysed. 

Peritoneal dialysis was performed using standard 
paediatric dialysis catheters and commercially 
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available lactate dialysis solutions unless a lactic 
acidosis was suspected, in which case a bicarbonate 
dialysis solution was substituted. 


Results 


Twenty-four (5-3%) of the 456 children developed 
ARF after CPBS (Table 1). 


Risk factors for ARF. There was an increased 
incidence of ARF in younger children (x? = 
27: P<0-001; Table 2). Six of the 21 neonates 
operated on developed ARF: all had undergone 
emergency surgery, with 4 having had angiocardio- 
graphy performed in the immediate preoperative 
period. Three of the 6 recovered renal function but 
only 2 ultimately survived. Of the 10 infants with 
ARF aged between 29 days and 1 year, 6 had under- 
gone emergency surgery, 5 of whom required pre- 
operative assisted ventilation because of severe 
cardiac failure; 7 had failed to thrive and were 
considerably below the 3rd centile for age; 6 
recovered renal function but only 5 survived. All 8 
children over age 1 year had elective operations and 
only 3 died. 

The plasma creatinine or urea concentration was 
slightly raised before operation in 5 children (Cases 
2, 7, 11, 13, and 15); in the remainder it was normal. 

The individual diagnoses and operations per- 
formed in the children with ARF are shown in 
Table 1. The diagnostic groupings in Table 3 show 
a greater frequency of ARF in cyanotic than in 
acyanotic conditions, with the highest incidence 
and mortality in the miscellaneous group of 33 
children with rare complex lesions. 

Long overall bypass time (defined in this paper 


‘to include periods of circulatory arrest) is signi- 


ficantly associated with ARF (y? = 12; P<0-05; 
Table 4). ‘There were only 5 (2-1%) cases of ARF 
in the 238 children with overall bypass times shorter 
than 90 minutes compared with 19 (9-7%) in the 
196 with overall bypass times longer than 90 minutes. 

All but one of the patients dialysed required 
inotropic support with dopamine, adrenaline, or 
isoprenaline, or a combination of these drugs 
because of low cardiac output; in 15 it was necessary 


Table 2 Effect of age on incidence and mortality of 
acute renal failure in 456 children 





Acute renal failure 


no of 
_ children No “af Hospital % 
total deaths 
< 28 days 21 6 29 4 67 
29 days-l year ' 131 10 8 5 50 
> | year "306 8 3 3. 38 





Table 3 Effect of diagnosis on incidence and mortality 
of acute renal failure in 456 children 








Diagnosis Total Acute renal failure 
no of 
children No xof Hospital % 
total deaths 
PS PA TA 39 0 0 6 — 
VSD ASD APW 
DORY {high flow) 102 i i i 100 
MVD AYD 34 1 3 0 0 
TGA + VSD + LYOTO 
Mayo FT DORY + PS 75 4 5 1 25 
TGA 113 7 6 3 43 
TAPYD A-V defect 
Truncus I 60 4 7 2 * 50 
Miscellancous 33 7 2i 5 7i 





PA = pulmonary atresia; TA = tricuspid atresia; APW = aorto- 
pulmonary window; MVD = mitral valve disease; AVD = aortic 
valve disease; Mayo = Mayo syndrome; FYT = Fallot’s tetralogy; 
A-V defect = atrioventricular canal defect. 

See Table ! for remaining abbreviations. 


Table 4 Effect of overall bypass plus circulatory arrest 
time on incidence and mortality of acute renal failure 
in 434 children* 





Time (mir) Total Acute renal failure 
num a 
of No %of  Haspital % 
children total - deaths 
<30 17 0 0 0 eem 
31-60 TI 1 1 1 100 
61-90 144 4 3 4 100 
91-120 113 10 9 6 60 
> 120 83 9 2 22 





* Not recorded in 22. 


to start this support in the operating theatre because 
of poor post-bypass haemodynamics. All but 3 of 
the children received gentamicin prophylactically. 
There was no case of septicaemia among the children 
with ARF. Thrombocytopenia occurred in all 
children with ARF, the lowest recorded counts in 
each individual ranging from 3 to 42 x 10°/. 


Peritoneal dialysis—indications, duration, and com- 
plications. The indications for dialysis are given 
in Table 5; in some children more than one indica- 
tion was present. Fluid overload was assessed on a 
scale 1 -3+:1-+ implying mild peripheral oedema 
only, 2+ gross peripheral oedema and mild pul- 
monary oedema, and 3+ severe pulmonary oedema 
with obvious increase in atrial pressures. Fluid 
overload was particularly a problem in the neonates, 
in 4 of whom (Cases 2-5} it was a major indication 
for dialysis; even though urine flow rates exceeded 
1 ml/kg per hour in 3 of them, overload persisted 
because of the need to maintain parenteral fluid 
intake as a vehicle for catecholamines and other 
drugs. Six of the children were hyperkalaemic and 
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Table 5 Indications for dialysis related to age 


Age 3+fiutd Plasma Kt Urine flow Plasma urea 
overload >6-Ommol/l <I mllkg > 40 mmol/l 
per hour 
<28days 4 1 3 0 
29 deys- 
Í year 3 2 6 0 
> | year 2 3 6 i 





15 were oliguric. In only one child (Case 21) was 
dialysis undertaken solely because of a rising plasma 
urea concentration. 

The time interval between operation and the start 
of dialysis ranged from 3 (Case 4) to 80 (Case 21) 
hours with a mean value of 16 hours for the neonates, 
26 hours for the infants, and 52 hours for the older 
children. Nine children, all younger than 1 year, 
were dialysed within the first 24 hours after CPBS 
and 7 died, compared with only 5 deaths among the 
15 children dialysed later (P<0-05 exact test, 
Table 6). 

All children were treated by continuous peritoneal 
dialysis. In one (Case 19), insertion of the catheter 
was followed by intraperitoneal bleeding that led to 
laparotomy. Four developed peritoneal infections. 
Four others were complicated by lactic acidosis; one 
(Case 18) responded to bicarbonate dialysis, but 
for the other 3 it was a terminal event. Two neonates 
became hyperglycaemic during dialysis and were 
treated with insulin. 

Duration of dialysis varied from 1 hour (Case 23) 
to 21 days (Case 6). Seven children were dialysed 
for shorter periods than 24 hours, 5 of them dying 
within that time. Eight children were dialysed for 
periods of 24-48 hours, with 3 dying on dialysis and 
5 recovering complete renal function. The remaining 
9 children were dialysed for periods longer than 48 
hours, with only I child in this group dying on 
dialysis. . 


Outcome. Nine children died on peritoneal dialysis: 
8 of these deaths were attributable to cardiac causes 
and the ninth (Case 23) was probably due to hyper- 
kalaemia. One (Case 6) never recovered renal func- 


Table 6 Effect of time interval from operation to 


dialysis on recovery of renal function 
Time between Total 
operation and 

peritoneal dialysis <28 days 
(hours) 


<24 


Age 


29 days-l year >I year 





53) 4 (2) 0 
25-48 1 5 (1) 5 @) 11 (4) 
>48 0 1 (1) 3 4 (1) 


Number of children who did not recover renal function shown in 
brackets. 


9 (5) 


tion, dying of uraemia after dialysis had been 
stopped. Two others died during the same hospital 
admission having recovered renal function, one 
from pulmonary hypertension (Case 1) and the 
other (Case 11) from Candida septicaemia. The 
hospital mortality for the entire group was therefore 
50°. However, of the survivors 3 had some neuro- 
logical deficit and 3 others died after further cardiac 
surgery, so that only 6 (25%) ultimately survived 
unscathed. 


Discussion 


Acute renal failure complicating CPBS is generally 
multifactorial in aetiology. * We have examined the 
relative roles of various risk factors which may con- 
tribute to the pathogenesis of ARF in children. 


Cardiac diagnosis. The incidence of postoperative 
ARF varies in different diagnostic categories (Table 
3). Lesions may carry a high risk because (1) they 
are complex and therefore require Jong overall 
bypass times for complete surgical correction—for 
example complex transposition of the great arteries; 
(2) they cause severe cyanosis with tissue hypoxia 
and acidosis—-for example transposition of the great 
arteries, Fallot’s tetralogy; (3) they present in early 
infancy with intractable heart failure-—for example 
truncus arteriosus type I, atrioventricular canal defect, 
or (4) they have a combination of these features—for 
example total anomalous pulmonary venous 
drainage. 


Age at operation. There is a significantly increased 
risk of postoperative ARF in the neonates (29%) 
and to a lesser extent in the infants (8%, Table 2). 
There are several possible reasons for this which 
may be additive. CPBS is only undertaken in 
neonates as a life saving measure if other treatment, 
medical or surgical, is ineffective. This is therefore, 
the sickest group of patients subjected to surgery 
and would be expected to have the highest mortality 
and incidence of ARF. The normal neonatal kidney 
has a reduced glomerular filtration rate compared 
with that of a child or adult, even when calculated 
on a body surface area basis.5 Renal blood flow is 
also reduced and preferentially distributed to the 


juxta-medullary glomeruli at the expense of the 


outer cortical areas.® A similar situation of reduced 
renal blood flow with outer cortical hypoperfusion 
has been demonstrated after ischaemia in many 
experimental models of ARF.” The neonatal kidney 
may be susceptible to insults that would not cause 
progression to ARF in the fully mature_kidney. 


Overall bypass time. We found, in common with 
studies from adult centres, a correlation between the 


or. 
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duration of cardiopulmonary bypass and circulatory 
arrest with the incidence of ARF.® 48 We have not 
attempted to distinguish in this report between the 
detrimental effects of circulatory arrest and bypass. 
There was an inverse relationship between overall 
bypass time and age in the children with ARF, with 
the mean bypass time being 90 minutes in the 
neonates, 114 minutes in the infants, and 129 
minutes in the older children. This suggests that age 
or preoperative condition is a more potent deter- 
minant of postoperative renal function than bypass 
time alone. 


Preoperative factors. Progressive cardiac failure or 
severe cyanosis were indications for emergency 
surgery in 12 children. Cardiac failure, hypoxia, and 
acidosis may each cause a reduction in renal cortical 
blood flow similar to that seen in the early stages of 
ARF and could therefore facilitate the development 
of ARF. Angiocardiography, which was performed 
in 5 children in the immediate preoperative period, 
has also been shown to reduce cortical perfusion and 
the hypertonic dye used can cause medullary 
necrosis.® 


Postoperative factors. All except one child required 
inotropic support postoperatively for low cardiac 
output. Despite the use of dopamine, adrenaline, 
isoprenaline, or combinations of these drugs, often 
in large doses, cardiac output was not always 
restored to an acceptable level. Fifteen children 
developed the ‘low output syndrome’ after cardio- 
pulmonary bypass had stopped and required 
immediate catecholamine support. Bhat et al.’ 
found a positive correlation between the ‘low output 
syndrome’ and subsequent development of ARF, 
and our data support this view. 

Twenty-one children received gentamicin as a 
prophylactic antibiotic until the time ARF was 
suspected, thereby raising the question of the pos- 
sible contribution of gentamicin nephrotoxicity to 
the pathogenesis of ARF.“ However, in a controlled 
trial of 40 children undergoing CPBS (to be reported 
in full elsewhere), we did not find impairment of 
renal function postoperatively to be associated with 
gentamicin. 

Thrombocytopenia was common to all 24 
children, with lowest recorded individual platelet 
counts in the range of 3 to 42 x 10°/l (mean 
22 x 10°/1), whereas in a series of 36 children, who 
did not develop ARF and who were studied daily 
for 5 days postoperatively, the lowest recorded 
platelet counts ranged from 12 to 136 x 10°/] (mean 
55 x 10/1: P<0-001). CPBS is a potent cause of 
acute thrombocytopenia in the immediate post- 
operative period with counts spontaneously return- 


ing to normal within 24 hours of bypass. However, 
in the children who developed ARF, thrombocyto- 
penia was more severe and prolonged, raising the 
possibility of platelet consumption. 


Peritoneal dialysis. Of the 9 children dialysed for 
severe fluid overload, only 3 were oliguric, but in 
the others, despite inotropic support and large doses 
of diuretics, urine production was insufficient to 
reverse the state of fluid overload and increasing 
pulmonary oedema. Three of these 9 patients were 
also hyperkalaemic, but 4 of them were neither 
hyperkalaemic nor oliguric and it could be argued 
that dialysis was unnecessary in them. Two of them 
(Cases 4 and 8) died and the condition of the other 2 
(Cases 5 and 9), who were both requiring maximal 
inotropic support, improved rapidly with the 
removal of excess fluid. Cardiac output improved, 
urine flow increased, and the doses of inotropes 
could be reduced. In these 2 patients renal failure 
was clearly secondary to poor myocardial function, 
but this improved when the severe fluid overload 
was relieved by peritoneal dialysis. Six children had 
plasma potassium concentrations of 26-0 mmol/l, 
a level considered to be an absolute indication for 
dialysis because of the rapidity with which plasma 
potassium can rise in postoperative catabolic states, 
but only 3 of these children were oliguric. 


Outcome. The mortality rate of 50% for children 
dialysed for ARF after CPBS is a pronounced 
improvement on our previous figure of 87% in 
1973,2 and compares favourably with recently 
reported adult series. Abel et al. reported no 
survivors among 15 patients who required dialysis; 
in Bhat’s series? there were 2 survivors from 11 
dialysed patients; Hodson reported 3 survivors of 
11 children treated with haemodialysis.* It is 
however difficult and may be misleading to try to 
compare series because of the problems of case 
selection and definition of ARF. 

ARF, while remaining a serious complication of 
CPBS, is not irrecoverable with early and vigorous 
treatment. As a result of our experience, we strongly 
advocate peritoneal dialysis in any child who be- 
comes oliguric (production of <1 ml urine/kg per 
hour) or hyperkalaemic (plasma potassium 26-0 
mmol/l) in the postoperative phase after CPBS. We 
also believe that dialysis may be beneficial in 
children, who by strict definition are not oliguric, 
but who despite maximal doses of diuretics and 
inotropic support, are unable to produce sufficient 
urine to prevent the serious consequences of fluid 
overload. In this series 58% of patients recovered 
renal function and ARF was the direct cause of 
death in only 2 patients. 
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Necrotising enterocolitis after neonatal cardiac 


catheterisation 


D F DICKINSON, R W GALLOWAY, J L WILKINSON, AND R ARNOLD 
Regional Paediatric Cardiothoracic Unit, Royal Liverpool Children’s Hospital 


SUMMARY Evidence of necrotising enterocolitis was found in 14 of 111 neonatal cardiac catheterisa- 
tions. A close temporal relationship between investigation and the onset of necrotising enterocolitis 
was apparent in many cases but no predisposing factors could be identified. 


Necrotising enterocolitis (NEC) is known to be an 
important cause of morbidity and mortality in 
neonatal intensive care units.t ê It is seen mainly in 
_ preterm infants but has been reported in term ones 
including some with congenital heart disease,1 3 
Recently Cooke et al. reported 3 cases which 
followed cardiac catheterisation and a causal or 
contributory relationship was suggested. Two 
clusters of cases of NEC occurring in this unit 
within a short period of time prompted us to review 
a representative group of infants who underwent 
cardiac catheterisation for evidence of this compli- 
cation and to look for possible predisposing factors. 


Patients and methods 


One hundred and eleven consecutive infants who 
underwent cardiac catheterisation within the first 


month of life during the period January 1980 to- 


October 1981 and survived for more than 24 hours 
were reviewed for evidence of NEC. The presence of 
frankly blood-stained stools and abdominal disten- 
sion was accepted as clinical evidence of NEC, and 
confirmatory evidence from serial abdominal radio- 
graphs and peripheral blood count was sought in 
each patient. Infants who developed NEC were 
compared with those who did not, with respect to 
a number of factors using the exact probability test 


and Wilcoxon’s rank sum test for statistical analysis. 


Results 


Fourteen (13%) patients had evidence of NEC. 
The clinical and laboratory data from these patients 
are summarised in Table 1. Seven cases occurred in 
two clusters, the remaining 7 cases being distributed 
sporadically throughout the 22-month period. Four 


patients died, 3 primarily as a result of NEC and ` 


one (Case 1, Table 1) mainly as a result of the 
cardiac problem. In this patient the first symptom 
of NEC preceded cardiac catheterisation by several 
hours; in the remaining patients the onset followed 
investigation by 1 to 13 days. Five patients under- 
went emergency surgery for their cardiac problem 
and all survived. In two (Cases 6 and 8, Table 1) 
surgery preceded the onset of NEC by 6 and 5 days, 
but in Case 13 operation was performed 3 days after 
the first symptom of NEC. Cases 11 and 12 under- 
went operation within 24 hours of cardiac catheter- 
isation and NEC was diagnosed in the immediate 
postoperative period. 

The illness varied in severity. from a fairly minor - 
disturbance with recovery within 48 hours to a major 
fulminating illness leading to death after 9 days of 
intensive treatment. All infants were treated by: 
suspending oral feeding and the intravenous ad- 
ministration of gentamicin, penicillin, metronidazole, 
and appropriate electrolyte solution. The 2 infants 
who developed intestinal perforation did so as a 
terminal event and did not undergo laparotomy. At 
necropsy these infants had extensive NEC from the 
upper third of the ileum to the descending colon. 
No infant with NEC had evidence of either general- 
ised systemic or localised gastrointestinal infection. 

A comparison of possible predisposing factors in 
those who developed NEC and those who did not 
showed no statistically significant differences be- 
tween the two groups (Table 2). 


Discussion 


Since this investigation was prompted by two 
clusters of cases it is probable that the prevalence 
of NEC reported is higher than the true prevalence 
of this complication among neonates with con- 
genital heart disease. Nevertheless, it is clear that 


431 


432 Dickinson, Galloway, Wilkinson, and Arnoid 


Table 1 Clinical details and evidence of necrotising enterocolitis in 14 patients 





Case Diagnosis 


Outcome Evidence of necrotising enterocolitis Abdominal x-ray 
catheter weight fram af 
(days) (kg) catheter illness Biood Abdominal WCC Platelets 
toNEC (days) in distension <6:0x <100 x 
(days) stool 10° {I LO {I 
1 Tricuspid 5 2:5 —| 4 Died + + -+ Gaseous distension 
atresia 
2 ‘Transposition i 2-9 13 9 Died + + + Portal vein gas, Per- 
foration 
3 Transposition 1 3-3 2 2 Died + + Gaseous distension 
Intramural gas 
4 TAPVC 25 2-2 2 1 Died + + Portal vein gas. Per- 
foration 
5S Transposition i 3-5 7 12 Alive + intramural gas 
6 Pulmonary 3-1 7 Alive -} + Gaseous distension 
atresia Intramural gas 
7 Pulmonary 1 2-8 4 2 Alive + + + + Normal (single film 
atresia only) 
8 Patentdnctus 7 2-2 5 3 Alive -+ + + + distension 
9 Coarctation 26 2°6 3 2 Unrelated + + Gaseous distension 
transposition late Intramural gas 
death 
10 Tricuspid 5 3-0 2 7 Unrelated -+ + Intramural gaa 
atresia late 
death 
11 Coarctation 5 3-7 2 4 Alive + + + + Gaseous distension 
Intrarnural gas 
i2 TAPVC 2 2-7 <i I Alive + + 
13 TAPYC 16 2-7 3 2 Unrelated + -+ + Opaque abdomen 
£ late with scanty gas 
death shadow 
14 Transposition 1 3-5 <1 6 Alive + + + Intramural gas 





TAPYVC = total anomalous pulmonary venous connection. 


Table 2 Comparison between 14 patients who developed necrotising enterocolitis, and 97 who did not. No 
statistically significant differences between the two groups were present 


Birthweight (mean and range, kg) 
Age at catheterization (mean and range, days) 
Gestational age (mean and range, weeks) - 


Hypotension before catheterisation (number) 
Major complication during catheterisation (number) 


Aortic saturation (mean end range, %) 
Haematocrit (mean and range, %) 
Volume of angiographic dye (number, mean and range ml/kg) 


Conray 420 i n m 6 
Hexabrix n ~ 6 
Metriramide n ma Í 
None n= | 


Necrotising enterocolitis No necrotising enterocolitis 
(x = 14) (n = 97) 

2-9 (2-2 to 3-7) 3-2 (2-0 to 4-6) 
6-8 (1 to 20) 6-5 (1 to 28) 
39 (36 to 42) 39-6 (34 to 42) 
2 2i 

1 13 

2 8 

1 5 

4 27 

2 11 

3 35 

71 (28 to 99) 74 G5 to 99) 

53 (36 to 70) 55 (34 to B1} 

3-5 (1-8 to 4:8) n = 35 3-2 (1-1 to 5-8) 
4-2 (1-4 to 6-4) n æ 51 4:8 (1-5 to 8-7) 
3-5 n= 5 4-5 (4-0 to 5-6) 
pE nx 6 — 





during the period NEC was an important cause of 
morbidity and mortality among neonates catheter- 
ised in this unit. Whether NEC represents a specific 
complication of cardiac catheterisation or whether 
it is a chance association in a group of sick neonates 
is unclear. No case of NEC occurred in infants 
referred to the unit who were not catheterised but 
such infants are not comparable with the infants 
reported here because of the less severe haemo- 
dynamic disturbance caused by their cardiovascular 


problem. In 8 patients a reasonably close temporal 
relationship between catheterisation and the onset 
of NEC was apparent, but in one the first indication 
of NEC preceded investigation by several hours and 
in 5 NEC developed late, 4 to 13 days after catherisa- 
tion. The patients who developed NEC had cardiac 
defects representative of the spectrum of patients 
investigated in this unit as neonates® and an asso- 
ciation between NEC and major cyanotic cardiac 


‘defects cannot be inferred. 
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The pathogenesis of NEC is imperfectly under- 
stood but injury to the bowel mucosa and the 
subsequent entry of gas-forming organisms into the 
bowel wall are presumed to be important factors. 
Hypoxia, hypotension, and local vascular changes 
are potential causes of mucosal injury and a history 
of perinatal asphyxia and the use of umbilical vessel 
catheters have been shown to be significantly 
associated with the development of NEC in preterm 
infants. An analysis of several known and other 
possible predisposing factors to NEC in our cases 
showed no significant differences between the two 
groups and the cause of NEC among these patients 
therefore remains unknown. 

The angiographic contrast medium formerly used 
during cardiac catheterisation in this unit, sodium 
iothalamate (Conray 420), has an osmolality of 
2100 mmol/l. Cooke ef al.4 suggested that the 
hyperosmolar effect of the injection of contrast 
medium might result in damage to the colonic 
mucosa leading to NEC and that the use of contrast 
media with a lower osmolality might avoid this 
complication. Regrettably this has not been the case 
and the frequency with which NEC developed in 
patients investigated using meglumine/sodium ioxag- 
late (Hexabrix, osmolality 600 mmol/l) and metriz- 
amide (Ampique, osmolality 480 mmol/l) was 
similar to that in patients who received sodium 
iothalamate. It is possible that toxic substances from 
plastic components of the apparatus may leak out 
and be responsible for vascular changes in the portal 
system as has previously been suggested in cases of 
NEC after exchange transfusion.” However, the 
apparatus used was the same for all infants and the 
duration of cardiac catheterisation is short when 
compared with an indwelling umbilical vessel 
catheter. It therefore seems unlikely that this offers 
a complete explanation for the frequency of NEC 
in these patients. 


In the absence of any recognisable predisposing 
factors we cannot make any recommendations 
which might result in a reduction in the prevalence 
of this problem. Although reports of NEC after 
cardiac catheterisation are few in number* we 
feel that it should be recognised as an important 
association in this age group. In many cases, the 
illness is fairly mild and similar to that described 
by Leonidas and Hall? but this was by no means 
always the case. However, with appropriate treat- 
ment, NEC can be treated successfully, even in the 
presence of a major cardiac defect and if necessary, 
emergency cardiac surgery can be performed. 
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Total glycosylated haemoglobin (HbA,) levels in 
diabetic children 


NICHOLAS P MANN AND DEREK I JOHNSTON 
Children’s Department, University Hospital, Queens Medical Centre, Nottingham 


SUMMARY Total glycosylated haemoglobin (HbA,) levels from capillary blood were studied 
retrospectively during a l-year period in 148 diabetic children aged between 1-9 and 16-8 years. 
The clinic range for HbA, was 6-7 to 22:2% and the results were normally distributed (mean + SD 
13-2 + 2:8%). The normal range in non-diabetics using this method is 4-9 to 8-0°%. Results from 
children who had had diabetes for more than 5 years were higher than those from children with 
diabetes of 2 to 5 years’ duration. Girls had higher average values during the l-year period than 
boys. HbA, measurement serves to identify the deficiencies of current diabetic treatment regimens. 
It also has more immediate practical benefits in focusing attention on children whose control 


is deteriorating. 


Interest in diabetic management has intensified lately 
as evidence has increased that good glucose control 
can reduce microvascular complications.!~? In the 
past accurate assessment of control has not been 
possible. It is not sufficient to rely solely on clinical 
well-being and normal growth: random tests of 
blood sugar in the diabetic clinic are of little help 
because the normal day-to-day routine will have 
been interupted, and the time at which such tests 
are taken will vary. Urine tests remain the corner- 
stone of control, but there are obvious pitfalls 
promoting inappropriate insulin adjustments. 
Glycosylation of HbA appears to be a slow, non- 
enzymatic process taking place during the life of the 
red cell. Glycosylated haemoglobin (HbA,) levels 
reflect the integrated blood glucose level during the 
preceding 2 months.*ë They are an objective 
measurement being independent of patient co- 
operation, time of day, insulin administration, or 
meals, and their role in the management of the 
diabetic patient has recently been reviewed.’ Ion 
exchange chromatography is one method used to 
separate HbA, from HbA, so that the percentage 
of HbA, can be calculated.” At the children’s 
diabetic clinic in Nottingham the patients are seen 
at 3- to 4-monthly intervals, the capillary HbA, 
and blood glucose being measured at each outpatient 
visit. We have examined HbA, results during one 
year, in groups of children according to duration 
of diabetes, gender, and presence or absence of 
remission period. The remission period is regarded 
as the period during which the child requires no 
more than 0-3 units of insulin per kg body weight a 
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day to remain free of glycosuria. The way in which 
HbA, results can alter individual patient manage- 
ment is discussed. 


Methods 


Ail the results from 148 diabetic children collected 
between December 1979 and November 1980 were 
analysed retrospectively. The children were juvenile 
Onset (type 1) diabetics of more than 3 months’ 
duration, attending the children’s diabetic clinic at 
the University Hospital, Nottingham. Capillary 
blood for HbA, and blood glucose measurement was 
taken from fingerpricks (0-1 ml) into sequestrene 
and fluoride bottles at each outpatient visit. 

All children were receiving insulin, most of them 
being on a twice-daily regimen of short and inter- 
mediate acting pork insulin—Velosulin and Insula- 
tard*, or Actrapid and Monotard+. Parents and 
children were instructed to give insulin 20-30 
minutes before meals, and 50-70 °% of the total daily 
dose of insulin was given in the morning. The 
proportions of short and intermediate acting insulins 
were adjusted in each child in an attempt to provide 
optimal control. All children were reviewed by the 
dietician, and advice based on a controlled carbo- 
hydrate intake was given. In most children control 
is based on a minimum of twice-daily Clinitest 
(2-drop method) measurement of glycosuria. An 
increasing proportion of children have been intro- 
duced to home blood sugar measurement as an 
alternative. HbA, determination was introduced as 
a routine clinic procedure on capillary blood in 
* Nordisk, + Novo. 
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1979, Attempts are made to achieve the best diabetic 
control possible using a structured education pro- 
gramme and extensive home visiting by a diabetic 
health visitor. Particular care is given to avoid 
excessive Insulin dosage of more than 1 unit/kg a 
day because of concern with induction of Somogyi 
effect? or nocturnal hypoglycaemia.® 

Sequestrene samples were stored at 4°C before 
the weekly measurement of HbA,, using ion ex- 
change chromatography (Bio-Rad column test). A 
small amount of whole blood was mixed with a 
haemolysis reagent to lyse the red cells and free the 
haemoglobin. An aliquot of the haemoglobin was 
then applied to a weakly acidic cation exchange 
resin in a disposable column. An elution/developing 


reagent was added and separation of the ‘fast’ © 


moving HbA, from the remainder occurred. A 
spectrophotometer compared the concentrations of 
glycosylate with total haemoglobins to enable the 
percentage of HbA, to be calculated. Maximal 
within run and run-run coefficients of variations for 
these were 3-8% and 7% respectively. These values 
are those obtained under optimal conditions in a 
temperature controlled room with one person 
carrying out the assays. The mean of HbA, levels in 
129 non-diabetic women and men for this method 
is 6-5% (95% confidence limits 4-9-8-0%). 


Results 


One hundred and forty-eight patients (59 girls and 
89 boys) had 467 HbA, measurements during the 
year. All results are expressed as mean + standard 
deviation unless stated otherwise. The age range of 
the children ranged from 1-9 to 16-8 (mean 11-2 + 
3-5) years, and duration of diabetes ranged from 3 
months to 13-4 years (mean 4-9 + 3-3 years). The 
mean insulin dose was 0-82 + 0-23 unit/kg a day. 

The mean HbA, of all results for the year was 
13-2 +2-8% (range 6-2-21-8) and the data were 
distributed normally with only 7 (1-5%) values 
falling within the normal range for non-diabetic 
patients (Fig. 1). The children’s mean HbA, was 
13-1 +2-1% (using each child’s average HbA, 
throughout the year). Statistical analysis was carried 
out using Student’s unpaired ¢ test. The HbA, 
results were analysed according to duration of 
diabetes (Table 1). There was no significant dif- 
ference between HbA, results of the 0-2 and 2-5 
year duration groups. HbA, results from patients 
with diabetes of more than 5 years’ duration were 
higher than both the 2-5 (P<0-05) and the 0-2 year 
group (P<0-01). 

Seven (4-7%) patients were in remission (honey- 
moon) phase of the diabetes. In each the average of 
all values of HbA, during remission was obtained 
(10-8 + 1-4%) and compared with the average 
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Fig. 1 HbA, values during one year from the children’s 
diabetic clinic. 


Table 1 HbA: values from 467 children of different 
duration of diabetes 


Duration Percentage of HbA, (%) 

( pears) children (mean + SD) 
<2 27-4 12-8 + 2-7 
2-5 34-9 13-04 2-8 
>5 37:7 13-7+2-6 ` 


HbA, over the year of all patients out of remission 
(13-2 + 2-1%). The HbA, levels in remission were 
significantly lower than the rest (P<0-01) (Table 2). 
A sex difference was present between HbA, levels 
of boys (12-8 + 2-3%) and girls (13-6 +1-9%) 
compared with the patients’ average HbA, through- 
out the year (P<0-05). Table 3 shows that this sex 
difference is present only in children older than 
12 years. i 

There was a weak correlation between HbA, levels 
and clinic blood glucose (correlation coefficient 
0-23). High (20-25 mmol/l) clinic blood glucose 
levels were more common in children with high 


Table 2 Mean HbA, results for each patient 
comparing remission and non-remtssion phase of diabetes 


Insulin dosage HbA, (%) 
(U/kg per day) (mean + SD) 
Remission (n = 7) 0-25 + 0-07 10-8 + 1-4 
Post remission 
(n = 141) 0-83 + 0-26 13-2+2-1 
P<0-01 


Table 3 Average HbA: values for each child over a 
I-year period for boys and girls (n = 148) above and 
below 12 years old 





Boys Girls 
Age (years) ee 
HbA KH) mean % HbA,(%) mean A 
< 12 12-4 42.0 33 12-441-8 16 
> 12 13-4 4+ 2-3 28 14.3+2-0 . 23 
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HbA, levels but could occur in those with more 
acceptable HbA, values. 


Discussion 


In diabetic children HbA, levels have been well 
correlated with other methods of assessing metabolic 
control—such as home blood glucose measurements, 
24-hour urine glucose excretion, and height 
velocity.°4 The prevailing blood glucose concen- 
tration of the preceding 4-12 weeks appears to be 
the main factor to affect the level of HbA,” +4 
although rapid increases in HbA, level may occur 
in 2-4 weeks during a period of poor control— 
that is HbA, level is more sensitive to ‘sin than 
repentance’. Some conditions which affect red cell 
life span are known to lead to inaccurate results— 
haemolytic anaemias, haemoglobinopathies, and 
uraemia.44! Capillary: samples can be used for 
HbA, measurement and provide a more legitimate 
reason for routine fingerpricks than clinic blood 
glucose analysis. The overall HbA, results from our 
clinic with a mean of 13.2%, which is just over 
twice the non-diabetic mean (6-5%), provide a 
sobering view of our achievements in a clinic where 
the importance of good control is stressed. It is 
tempting to accept this disappointing figure as 
merely further confirmation of the deficiencies of 
currently available insulin therapy. However, it is 
important to bear in mind that many factors 
influence the success of total diabetic management, 
and at least some may be amenable to more intensive 


CLINIC REVIEW 


Insulin Adjust dose 
? Twice dally regimen required 
Adjust short: medium insulin ratio 
Check injection sites 


HbA, level 
rising 


Systematic review 


Exclude other disease—for example 


supervision. Each diabetic child and family must be 
tackled as a separate problem often needing the 
resources of overtaxed home visiting nurses. In an 
individual child patterns of HbA; values can be 
useful in deciding on priority use of this limited 
staff. Sometimes a satisfactory HbA, value con- 
tradicts the impression of poor control based on a 
summary review of a misleading catalogue of erratic 
urine tests. By contrast a high HbA, can bring 
reality to a child or his parents if they or the doctor 
are being deceived by fictitious results.1? 1" Such 
revelations must be handled carefully in case the 
child is forced into an even more defensive posture. 
Fig. 2 summarises our approach to a child with high 
HbA, values. 

Our data have confirmed that patients have low 
HbA, in the remission phase of their diabetes. We 
have not routinely measured HbA, levels in newly 
diagnosed diabetics as they tend not to produce 
helpful information other than correlating with the 
degree of hyperglycaemia at the time.® Daneman 
et al. found that HbA, levels fell to a nadir between 
3 weeks and 6 months after diagnosis and this cor- 
responded to the remission phase of diabetes when 
insulin requirements are low due to some recovery 
of 8 cell function. We have also shown that HbA, 
levels are higher in patients of more than 5 years’ 
duration and this corresponds to the progressive 
failure of endogenous insulin production. Others 
have confirmed this loss of ß cell function by 
demonstrating failure of C-peptide release.” % The 
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Fig. 2 Our approach to a child with rising HbA; values. 
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fact that levels of HbA, are higher in girls than 
boys is due to the higher results of girls over 12 years 
old. Factors during adolescence—such as teen- 
age rebellion, deterioration of control around 
menstruation, increasing over-insulinisation, or 
emotional problems—are the likely events. Tattersall 
and Lowe™ have recently reviewed the management 
problems of the adolescent diabetic and stressed the 
need for help with emotional problems as well as 
with diabetic control. 

The reporting of HbA, values will enable clinicians 
to judge their own success and that of others in 
developing methods of diabetic management. This 
objective comparison is especially important while 
we assess the benefits of new techniques which are 
often expensive, time consuming, and demanding of 
children and their families. Regular home blood 
glucose measurement is an innovation which needs 
such analysis. In making these comparisons it is 
important to take into account the differing method- 
ology for the measurement of glycosylated haemo- 
globin. It may indeed be more valid to report HbA, 
results as a ratio of the non-diabetic mean. 

There can be little doubt that HbA, determination, 
especially on capillary blood samples, if available, 
has earned a place in regular monitoring of diabetic 
control. It provides for objective assessment in both 
the clinic and the home. Those responsible for 
diabetic clinics must search for ways to improve 
control but there are inevitable obstacles which can- 
not be overcome by mere manipulations of the 
insulin regimen. There is, indeed, a danger that 
clinicians will be even more tempted to use in- 
appropriately high insulin dosages preventing all the 
problems of the so-called Somogyi phenomenon.® *8 
Parents of diabetic children are rapidly learning 
the significance of HbA, and it is a wise precaution 
to ensure that they do not see a normal value as a 
necessary goal. Such an unrealistic target can rapidly 
promote frustration, despair, and disenchantment. 
They should look on it as one of a succession of 
developments which will perhaps revolutionise 
diabetic management in their child’s lifetime. 


We thank Dr Robert Tattersall, consultant physi- 
cian, for advice; Mr John King, technician, Depart- 
ment of Child Health, Nottingham, who developed 
the capillary HbA, assay; Mrs Julie Noronha, 
diabetic health visitor, for support; Mrs Joy Singh 
for secretarial assistance. 
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Stage II neuroblastoma. Adverse prognostic 
significance of lymph node involvement 
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SUMMARY Thirty-three children aged between 1 month and 16 years (median 1 year, 7 months), 
were treated for. stage II neuroblastoma with surgery, radiotherapy, or chemotherapy, alone or in 
combination. After 3 years 70% were living, 6 children had died from the disease, and 4 had died as 
a result of treatment. Patient characteristics (age, gender) and tumour characteristics (primary site, 
presence of lymph node involvement, catecholamine excretion, histology) were reviewed in an 
attempt to determine prognostic features. While age under | year at diagnosis was, as expected, 
favourable in this series, the most important prognostic variable was the presence or absence of 
regional lymph node involvement. No patient with uninvolved nodes died of neuroblastoma and 
the difference in the 3-year survival rate between these patients and those with positive nodes was 
statistically significant. Although this study of patients treated between 1970 and 1977 provided no 
clear evidence that either postoperative radiotherapy or contemporary chemotherapy was of benefit, 
our findings suggest that subclassification of stage II patients into ‘ node-positive’ and ‘ node- 
negative ’ groups will help to define those who might benefit from improved adjuvant postsurgical 


treatment. 


According to the clinical staging system of Evans 
et al? stage II neuroblastoma, accounting for 15% 
of all patients with this malignancy,? è is a tumour 
extending in continuity beyond the organ or struc- 
ture of origin but not crossing the midline and 
without evident metastases. Homolateral lymph 
nodes may be affected. Although this system has 
been widely used since 1971, it is still not understood 
why up to 25% of patients with stage II tumours 
eventually die from the disease * 5 nor is it understood 
why they are distinguished from the remainder. In an 
attempt to clarify some of the factors we have carried 
out a retrospective analysis of clinical, biochemical, 
and histopathological characteristics of 33 patients 
with stage H neuroblastoma. 


Patients and methods 


Selection of cases. We reviewed the records of all 
patients with non-metastatic neuroblastoma admitted 
between January 1970 and September 1977. Patients 
with stage I and III disease, using Evans’s criteria, 
were excluded. A diagnosis of stage IT neuroblastoma 
was made in 33 children admitted to our four 
institutions. There were 19 girls and 14 boys with 
ages ranging from 1 month to 16 years (median 


1 year, 7 months). All patients were diagnosed by 
histological examination of the primary tumour end 
all underwent chest x-ray films, intravenous pyelo- 
gram, skeletal survey or radionuclide bone scan, 
and 24-hour urine collections for vanillylmandelic 
acid (YMA). Twenty-nine (88 %9 patients underwent 
bone marrow aspiration and 26 (79%) had a radio- 
nuclide liver scan. Similar studies were also regularly 
performed for 3 years after diagnosis. None of the 
children was lost to follow-up when the study ended 
in January 1981. The minimum follow-up period was 
34 years. 


Tumour characteristics. The primary site was 
abdominal in 16 (49%) patients, mediastinal in 11 
(33%), pelvic in 4 (12%), and cervical in 2 (6%%). 
Fifteen (45%) children presented with a ‘dumb-bell’ 
tumour and 13 (39%) had homolateral lymph node 
involvement. Urinary VMA excretion was increased 
in 27 (82%) patients while histological study showed 
a diagnosis of neuroblastoma in 25 (76%) and of 
ganglioneuroblastoma in 8 (24%) cases. 


Lymph node sampling. All obviously enlarged 
regional lymph nodes were removed at the time of 
surgery. Normal-looking lymph nodes were not 
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necessarily sampled and there was no attempt to 
carry out formal dissection of non-adjacent nodes 
in areas where these appeared macroscopically 
normal. 


Treatment. The different combinations of three 
treatment modalities were as follows: surgery alone, 
4 (12%); radiotherapy alone, 2 (6%); surgery plus 
chemotherapy, 3 (9%); surgery plus radiotherapy, 
13 (40%); radiotherapy plus chemotherapy, 4 (12%); 
and surgery plus radiotherapy plus chemotherapy, 
7 Q1%). Of the 27 (82% of the total) children who 
underwent surgery, 18 had partial resection of 
tumour and 9 had complete resection. Twenty-six 
(79%) children were treated with radiotherapy, 
starting within 14 days of operation. Radiation was 
given at a dose of 150-200 cGy/day, 5 days each 
week. The total dose varied between 2000 and 3500 
cGy. Chemotherapy, administered to only 14 
patients, was given 2- to 3-weekly for 6 months to 
2 years and consisted of cyclophosphamide (2 
patients), vincristine (1 patient), cyclophosphamide 
and vincristine (6 patients), and cyclophosphamide, 
vincristine, and adriamycin (5 patients). 


Statistical analysis. Analysis of prognostic variables 
(Table 2) and results was by the y* method. 


Results 


Of the 33 children, 23 are alive and free of disease 
between 42 and 129 (median 79) months after 
diagnosis, giving an overall survival of 70% (Fig. 1). 

Six patients died from tumour between 2 and 26 
months after diagnosis; their clinical courses are 
shown in Table 1. Four deaths were caused by 
treatment, 2 in the immediate postoperative period 
and 2 at a later date from adriamycin cardiomyo- 
pathy with no evidence of tumour. Of the last 2 
patients, the first was a 6-year-old girl with an 
unresectable mediastinal tumour. She was treated 
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with radiotherapy (2000 cGy in 10 fractions over 
14 days) and chemotherapy. She died one year after 
start of treatment. At that time she had been given 
a total dose of 680 mg/m* adriamycin. The second 
child was a 9-year-old boy who had a partial resection 
of a mediastinal ‘dumb-bell’ neuroblastoma. He was 
also treated with radiotherapy (3500 cGy in 18 
fractions over 28 days) and chemotherapy. He died 
9 months later after having received 520 mg/m? 
adriamycin. 


Prognostic features (Table 2, Fig. 1). 


Lymph node invasion 

While 4 of the 20 patients without lymph node 
involvement died of treatment-related complications, 
none died of neuroblastoma (Fig. 2). By contrast, 6 
of the 13 node-positive patients—and all involved 
nodes were, by definition, homolateral—subse- 
quently died of recurrent or metastatic tumour. 
This difference in survival was ee signi- 
ficant (P<0-01). 


Age 

As expected, children under age 1 year at diagnosis 
fared better (P<0-05) than older patients; all 
tumour-related deaths were in the latter group. 


Histology 

No patient with ganglioneuroblastoma died from 
tumour but the difference in survival between these 
children and those with neuroblastoma was not 
Statistically significant. 


Other features 

The gender of the patient, presence or absence of 
VMA excretion, and site of primary tumour were of 
no prognostic significance. 


Treatment (Table 3). Patients dying of treatment 


Table 1 Characteristics and clinical course of patients who died from neuroblastoma 


Cases 

I 2 3 4 5 6 
Sex M M F M F M 
Age (years) 1 t12 9 t {/i2 4 3/12 6 Lifi2 1 7/12 

i Pelvis Abdomen Abdomen Abdomen Cervical 

Lymph nodes + + + 
Histology Neuroblastoma Neuroblastoma Neuroblastoma Neuroblastoma Neuroblastoma Neuroblastora 
Surgery (resection) — — Partial artial Complete Partial 
Radiotherapy (c~Graya) 4000 3300 3000 3000 0 2000 
Chemotherapy CVA 0 0 Q CVA 
Response Partial Partial Partial Complete Complete Partial 
Relapse (years from diagnosis) — — _ 8/12 1 8/12 — 
Death (years from diagnosis) 4/12 2/12 9/12 12/12 4/12 


CVA =tyclophosphamide 4 vincristine + adriamycin, 
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a İĉSS Patients with lymph node involvement 


“ee Patients without lymph node involvement 


Overall 





Survival rate 
o 
WwW 





Years 


Table 2 Prognostic features 

SSS 
Overall 3-year Tumour-related P yalue* 
survival rate survival rate* 


Sex M 
F 





9/14 (0-64) 
14/19 (0-74) 


9/12 (0-82) 
14/17 (0-75) NS 
Primary site 

Cervical 1/2 (0-5) 1/2 (0-5) 


Mediastinal 8/11 (0-73) 8/9 (0-89) 

Abdominal 11/16 (0-69) 11/14 (0-79) NS 

Pelvic 3/4 (0-75) 3/4 (0-75) 
Lymph nodes 

Positive 7/13 (0-54) 7/13 (0-54) 

Negative 16/20 (0-80) 16/16 (1-0) <0-01 
VMA 

Raised 18/27 (0-67) 16/23 (0-74) 

Normal 5/6 (0-83) 5/6 (0-83) NS 
Age 

<1 year 9/10 (0-90) 9/9 (1-0) 

>1 year 14/23 (0-61) 14/20 (0-70) <0-05 
Histology 

Ganglioneuro- 

blastoma 6/8 (0-75) 6/6 (1-0) 
Neuroblastoma 17/25 (0-68) 17/23 (0-74) NS 


i 


*Bxcluding patients who died from non-tumour related causes (that is 
treatment). 7x2 test, 1 df; NS=non significant. 


complications were excluded from our analysis of the 
influence of treatment on tumour-related survival. 


Surgery 

Three-year survival after partial resection (88° 
was as good as after complete resection (81%). 
Since the proportion of patients in the two groups 
receiving postoperative radiotherapy or chemo- 
therapy was similar (Table 3), this effect was not 





Fig. 1 ‘Life-table’ of 33 patients with 
stage II (Evans) neuroblastoma. 

Open circles denote disease-free 
survivors; patients surviving 4 years or 
longer are grouped together at the end 
of each curve. 


aun (N=29) Fig. 2 Tumour-related ‘life-table’ of 


patients with stage II neuroblastoma 
(excludes children who died from side 
effects of treatment). 


Table 3 Effect of treatment on survival of 29 patients* 
SE RAI chalks elaine at ab daad. pasa 





No of 3-year A 
patients survivors 
Surgery 
Biopsy only 5 3 60 
Complete resection 16 13 81 
Partial resection 8 7 88 
Radiotherapy 
No 5 4 80 
Yes 24 19 79 
Chemotherapy 
No 17 13 78 
Yes 12 10 83 
Radiotherapy + chemotherapy 9 7 78 
Lymph node-positive patients 
With chemotherapy 6 4 67 
Without chemotherapy 7 3 43 
With radiotherapy 9 4 44 
Without radiotherapy 4 3 75 


C... 
* Four treatment-related deaths excluded. 


apparently related to more energetic adjuvant 
therapy in those cases where only partial resection 
was possible. 


Radiotherapy 

The number or children not receiving radiotherapy 
was small but survival (80%) in this group was no 
worse than that of radiation-treated children (79 °%). 
This applied whether or not lymph nodes were 
affected. 


Chemotherapy 
Because of the length of this study and because of 


k- 


oo 
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individual physicians’ preferences, there was 
considerable heterogeneity in the chemotherapy regi- 
mens administered. There was no apparent advan- 
tage, in terms of tumour-related survival, for 
chemotherapy-treated patients compared with those 
not receiving this treatment. However, there was a 
trend in favour of postoperative chemotherapy in 
patients whose regional lymph nodes were involved 
by tumour (67 compared with 43 % survival). 


Discussion 


Accurate staging of patients with neuroblastoma is 
essential for prognosis and for determining the most 
appropriate treatment.® In 1971 Evans et al? pro- 
posed a clinical staging system which has become 
widely accepted. Stage IT is used to designate regional 
extension of tumour that does not cross the midline. 
In this series of 33 children with stage IJ neuro- 
blastoma, 6 (18%) died from their disease. Our 
figures are comparable with those previously 
published? 45 and suggest that there may be char- 
acteristic differences between patients with stage IT 
disease who eventually die from the tumour and 
those who do not. 

The most important single prognostic feature in 
our series was the presence of positive homolateral 
lymph nodes at diagnosis. While no patient without 
node involvement died from neuroblastoma, the 
survival rate of node-positive patients was only 
0-54%. Although the adverse prognostic significance 
of regional lymph node involvement in patients with 
localised Wilms’s tumour has been appreciated for a 
number of years,’ 8 few analyses have focused on the 
possible importance of regional node involvement in 
localised neuroblastoma. However, the conclusion 
of a recent study at St Jude Hospital, published in 
abstract form,® was similar to our own. The possible 
reasons for less favourable survival in node-positive 
patients include a biologically more aggressive type 
of tumour or some failure of host-defence mechan- 
isms in these children. 

Age at diagnosis was another feature of prognostic 
value; our results are thus at variance with a recent 
report claiming that the effect of age appears 
insignificant in a small series of patients with local- 
ised thoracic tumours.”® On the contrary, we agree 
with others that stage and age are independent 
variables and that children aged under 1 year at 
diagnosis fare better than older children.2®41% A 
third variable of prognostic value in this series was 
histology; patients with localised ganglioneuro- 
blastoma fared better than those with neuroblastoma 
but the difference was not statistically significant 
(Table 2). Increased maturation of localised neuro- 


blastoma has also been related to more favourable 
prognosis in two recent studies.13 14 

Other variables—such as gender, site of primary, 
and VMA secretion—were of no prognostic value. 
A high ratio of VMA to homovanillic acid (HVA) 
excretion seems to correlate with a better prognosis 
than the inverse ratio. Since HVA estimation was 
not available during the 1970-77 period we were 
unable to analyse the prognostic value of the VMA/ 
HVA ratio in our patients. 

Except in one small subgroup of patients, post- 
operative chemotherapy or radiotherapy did not 
improve disease-free survival compared with surgery 
alone (Table 3). Only patients with lymph node 
involvement fared somewhat better if they were 
treated with chemotherapy. Although the difference 
was not statistically significant, chemotherapy 
regimens were, by present-day standards, often 
‘gentle’ in these patients. These data confirm the 
results of similar studies of treatment for localised 
neuroblastoma; there is no evidence to support the 
notion that patients treated with postoperative radio- 
therapy or single agent chemotherapy or both have a 
better survival rate than those who undergo surgery 
alone. 8 10 In the only report claiming 100% 2-year 
disease-free survival for 11 children treated with 
radiotherapy or chemotherapy after resection of a 
localised mediastinal neuroblastoma, there was no 
control group treated by surgery alone for com- 
parison.16 

The risks of adriamycin treatment after thoracic 
radiation are now better appreciated than in the 
1970-77 period and the 2 adriamycin/radiation- 
related deaths would probably not now occur. In 
addition, it has been shown,!’ and recently con- 
firmed by us, that adriamycin does not improve the 
survival rate in patients with advanced (stages III 
and IVY) neuroblastoma when added to pulsed cyclo- 
phosphamide-vincristine-DTIC or to pulsed cyclo- 
phosphamide-vincristine. Thus, although adriamycin 
cardiomyopathy can be detected early by regular 
radionuclide assessment of left ventricular ejection 
fraction” and its incidence much reduced by limiting 
the total cumulative dose to 400 mg/m* when the 
myocardium has been irradiated,” this drug cannot 
be recommended for patients with localised disease. 

We conclude that surgery alone seems to be 
adequate treatment for patients with stage I 
neuroblastoma without lymph node involvement. 
Patients with positive regional (homolateral) nodes, 
on the other hand, comprise a group at increased 
risk of developing recurrent or metastatic disease 
which should, we believe, be distinguished from the 
node-negative group in any staging system used. 
Until the tumour-node-metastasis staging system,™ 
which incorporates information about node status, 
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is more widely accepted we suggest the use of a 
modification to the familiar Evans’s system, whereby 
node-negative patients are classified as stage HA 
and node-positive patients as stage IIB. Whatever 
nomenclature is eventually adopted, randomised 
controlled studies should be carried out to determine 
whether more aggressive chemotherapy might 
improve survival for Evans stage I patients whose 
regional nodes are invaded by tumour. 


We thank Karine Delleuse and Elisabeth Moore 
for secretarial assistance. 


J N and J P were supported by the Leukaemia 
Research Fund. 
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Resistance to airflow through bedding materials used 


in infancy 


D J HATCH, P HELMS, D J MATTHEW, AND D SKINNER 
Respiratory Function Laboratory, The Hospital for Sick Children, London, and Fios Group Limited, Hawick, 


Roxburghshire 


SUMMARY Various bedding materials used in infancy, including duvets (or continental quilts), were 
tested for airflow using the British Standards Institution tests for pillows or fabrics. Resistance was 
also measured when the items were placed on a dummy infant face. Measurements were made on 
washed and unwashed garments, which were tested both dry and wet. Results suggest that all the 
bedding materials tested are safe for use even in the newborn period. The duvets produced slightly 
lower resistance to breathmg than conventional blankets and sheets. In view of the wide variety of 
infant bedding fabrics it seems desirable for standard airflow performance requirements to be 


introduced. 


It is well known that a young infant can become 
asphyxiated when sleeping on a pillow, and for this 
reason the Department of Health and Social 
Security recommends that pillows are not used under 
age 12 months. The recent availability of cot quilts 
for infants has raised the possibility of a similar 
risk occurring with these. The purpose of this paper 
is to assess the resistance to airflow of a selection of 
commercially available quilts, together with cover- 
ings, both dry and wet, and to compare the results 
with those of other bedding materials commonly 
used in young infants. 


Materials 


Cot and pram quilts were studied as supplied to 
Mothercare by Fios Ltd, and Portways Ltd, filled 
with Imperial Chemical Industries (ICI) P, con- 
tinuous-filament polyester. The primary case fabric 
of the cot quilts was 100% cotton and that of the 
pram quilts a mixture of 74% viscose and 26% 
nylon. A quilt cover of 50% polyester and 50% 
modal mixture was also studied. Unwashed samples 
and samples that had been washed five times 
according to the manufacturer’s recommendations 
were tested, and each sample was tested dry and wet. 


Methods 


British Standard air permeability test. One composite 
sample of unwashed cot quilt and cover was sub- 
jected to the air permeability test specified by the 
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British Standards Institution (BSI) for pillows.’ 
The layout of the apparatus is shown in Fig. 1. The 
apparatus consists of a rigid unperforated support 
for the pillow or other article to be tested, over 
which is mounted a metal tube, 150 mm long and 
36 mm in internal diameter, with a flange at the 
bottom. Either the support or metal tube is allowed 
to move in a vertical direction to submit the article 
under test to a thrust of 10 Newtons. The top of the 
tube is connected to the inlet of a rotameter, the 
outlet of which is connected to the suction side of 
a variable speed fan. A diaphragm type valve is 
fitted to the inlet end of the rotameter and is used to 
adjust the airflow to 200 ml/s. The pressure across 
the test article should not exceed 20 mmH,O (0-2. 
kPa). 

The remaining samples were tested according to 
the BSI air permeability test for fabrics? using a 
Shirley air-permeability tester. In this apparatus the 
sample is clamped between 2 rubber gaskets, and a 
guard ring surrounding the test specimen ensures 
that all the measured airflow passes through the 
specimen with no leakage. The test area is a circle 
of 5-07 cm.? Airflow was measured when a pressure 
differential of 20 mmH,O (0-2 kPa) was applied. 
Ten measurements of airflow were made on each 
sample. 


Resistance test on dummy infant. Resistance tests 
were carried out on a dummy infant which was 
constructed by modification of an infant resus- 
citation head. A small hole was drilled in each 
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Jon thrust 
Fig. 1 Layout for air permeability test on pillows. 


nostril, through which fine bore tubes were inserted 
and joined together within the head. The single 
outlet tube was then passed through the neck of the 
dummy and connected to a pressure transducer 
(SE 4-82), pneumotachograph (Fleisch ‘O’), and 
50 ml syringe (Fig. 2). The pressure signal from the 
transducer and the flow signal from the pneumo- 
tachograph were recorded on a U-V recorder 
(SE 6002). The pressure transducer was calibrated 
with a water manometer, and the pneumotacho- 
graph with gas flows from an accurate flowmeter 
(Rotameter Mfg. Co. Series 1100). The resistance 
of the system was calculated by dividing the pressure 
change by the change in flow occurring when the 
circuit was ‘ventilated’ with a tidal volume of 50 ml 
from the syringe at a rate of 30 cycles per minute. 
The diameter of tubing used within the dummy head 
was adjusted to produce a resistance of 19-3 cmH,0/1 
per second under these conditions, similar to the 
nasal resistance of a normal newborn baby.’ 4 

The materials to be tested were laid in turn 
loosely over the dummy head, and then were pressed 


Test material 





Fig. 2 Resistance test system. 


on to it by firm pressure around the face. In each 
case any increase in resistance was measured. 


Results 


Results are shown in Tables 1-3. 

The composite sample of quilt and cover passed 
the BSI air permeability test for pillows with a wide 
margin of safety (Table 1), the mean pressure 
differential being less than one-quarter of the 
maximum, permitted. 

When subjected to the BSI air permeability test 
for other fabrics (Table 2), the highest air flows were 
recorded with the duvets and cellular blanket. The 
composite samples of duvet and cover allowed higher 
airflows than conventional woven blankets. Althougn 
there are no recommended minimum airflows for 
this test, all dry samples tested produced considerably 
higher flows than the 200 ml/s which might b2 
regarded as the minimum safe airflow for pillows 
tested under these conditions. When wet, a range of 
values around this minimum airflow was obtained, 


Table 1 Measurement of resistance to atrflow of 
unwashed cot duvet and cover, tested according to 
British Standard BS 4578: 1970 


Pressure differential (kPay* 


LESSE 


b 
d 


£ 


RRR 


0-045 
*Maximum recommended limit =Q.2 kPa. 


Mean 


Table 2 Measurements of airflow of unwashed bedding 
materials tested according to British Standard BS 5636 
(1978) 





Fabric Airflow (mil/s at a pressure 
gradient of 20 mmH,O 
(0:2 kPa) 
Dry Wet 
(1) Cotton-covered quilt (duvet) 800+ 180-290 
(2) Polyester modal cover 800+ 170-205 
(3) (1) and (2) 420 180 
(4) Cellular blanket (double thickness) 800+ 800+ 
(5) (4) and cotton sheet (double 
thickness) 600 120 
(6) Needle punched blanket 
(double thickness) 300 210 
(7) Woven blanket (cotton base, 
wool pile) 280 150 
(8) “Blanket edge binding 65 7 


“4 


AS 
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Table 3 Resistance of various fabrics using apparatus shown in Fig. 2 (cmH,O/I per second) 


Fabric Unwashed 

Loosely applied 

Wet Dry 
(1) Nil 19-3 19.3 
(2) Cotton covered quilt (duvet) 21-3 22-0 
G) Nylon/viscose covered quilt 21-2 21-5 
(4) Polyester/modal cover 19-6 21-7 
(3) (2) and (4) 22:6 23-0 
(6) Cellular blanket and cotton sheet 

(double thickness) = = 


Washed 
Tightly held Loosely applied Tighily keld 
Wet a nan ee a Wet 
Wet Dry 
19-3 19-3 19-3 19-3 
72-7 19-3 23-0 25-3 
95-3 22.0 24:9 39-2 
20-5 2i-i 22-2 25-7 
73-2 20-9 22.1 40-3 
— 22-9 26.4 49.7 





the lowest being 170 ml/s. The cellular blanket 
tested had very good airflow permeability when dry 
or wet, but other blankets were less satisfactory, 
the woven blanket allowing only 150 ml/s airflow 
when wet. The blanket edge binding was much less 
permeable to airflow even when dry, becoming 
virtually impermeable when wet. 

Results of the resistance test (Table 3) show very 
little increase in resistance by any material laid 
loosely over the face of the dummy, whether wet or 
dry. The combination of cellular blanket and sheet 
produced a slightly higher resistance than the duvets. 
When the wet garments were held tightly around 
the face, resistance was about doubled. 


Discassion 


Sudden infant death syndrome (cot death) is the 
single most common cause of death between 1 month 
and 1 year of age. 

Estimates of the total number of cot deaths in 
England and Wales show an incidence of 1000 a year, 
which is probably an underestimate. The reported 
incidence per 1000 live births ranges from 0-6 to 
6.5.8 

Respiratory obstruction has been suggested as a 
possible cause of some cases of unexplained cot 
death, and external obstruction by an article of 
bedding might conceivably contribute to this, 
especially in debilitated infants. The effects of 
pillows and mattresses in this regard have been 
investigated® and a BSI specification exists for 
airflow through infants’ pillows.t Furthermore the 
Department of Health and Social Security have 
stated officially that no pillow should be used for a 
child up to age 12 months. Little evidence is available 
on the effects of other types of bedding, although 
figures provided by the Office of Population Cen- 
suses and Surveys suggest that they may occasionally 
cause suffocation (Table 4) (OPCS, 1981, personal 
communication). Care must be taken in inter- 
preting these figures, since the evidence for suffo- 
cation by a particular item of bedding is likely to 
have been circumstantial in most cases. The intro- 


duction of duvets for infants has raised the question 
of safety, particularly in the first year of life. 
Although it has been shown that carbon dioxide 
does not accumulate under duvets’ the possibility 
that they might cause physical obstruction across a 
baby’s face, especially if wet, has not been investi- 
gated. 

The results of this study show the performance of 
duvets in the BSI air permeability test for pillows 
to be slightly better than that of conventional 
blankets, with the exception of the cellular blanket. 
The duvets satisfied the minimum airflow require- 
ment for pillows when dry, and approached it when 
wet, when their performance was slightly better 
than that of conventional hospital bedding. These 
quilts are filled with ICI’s P, continuous-filament 
polyester, enabling the use of a comparatively open 
cover fabric. It should not be assumed that the 
conclusions of the present study apply eagaly to 
other types of quilt. 

Resistance studies carried out using the fanny 


Table 4 Deaths due to suffocation in bed or cradle, 
1975-77, England and Wales (data from Office of 
Population Censuses and Surveys, with permission) 


+ Boys Girls 
Age (months) Age (months) 
0-1 1-2 2-3 3-4 0-1 1-2 2-3 3-4 





Cause of death 
Suffocation (not specified) 
Trapped between mattress 
and cot/bed 2 
Saffocated by pillow 6 
Suffocated by bedding/ 
bedclothes Zo m = — 
3 
1 
1 


IS ee ee a 
2 


| | 
| 
| 
| 


Suffocated by mattress/ 

mattress cover i— — 
Suffocated by shest -= — — 
Suffocated by blanket — — 
Suffocated by sleeping 


bag cover SS 


| mw te Ne 
| 
| 
| 


Lt | 
Lit 
| 


| 
| 
| 


Total deaths due to 
strangulation /suffocation 
in bed or cradle (as 
defined by Int. Class. 
Dis. Cat. E. 913-0) $7 9 1i — 
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infant head show little increase in resistance by any 
material unless wet and held tightly to the face. 
This is a more severe test of external respiratory 
obstruction than a newborn baby is likely to face, 
and produced nothing like the 30- to 40-fold increase 
in obstruction that Emery and Thornton found when 
testing different types of pillow.* Again the duvets 
caused slightly less resistance than other materials 
tested, including a combination of cellular blanket 
and cotton sheet commonly used in newborn 
nurseries throughout the country. The resistance of 


the washed fabrics when subjected to this test was - 


significantly lower than that of the unwashed fabrics, 
being about double the normal nasal resistance of the 
newborn. This increase in resistance, even if it should 
occur in reality, should net pose a threat to the life 
of a normal baby. i 

Although a BSI test system does exist for fabrics? 
no recommendations have been made for minimum 
airflow through bedding materials when tested. In 
view of the increasing use of duvets and baby nests 
made of a wide range of fabrics, and the suspicions 
recently cast on the safety of some of them® it 
seems desirable that such recommendations should 
be introduced. 
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Skeletal changes in preterm infants 
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Sydney, Australia 


SUMMARY ‘The skeletal changes in 19 very low birthweight infants (less than 1500 g) were observed 
from birth to 10 weeks, by means of clinical, biochemical, and radiological techniques. All infants 
were receiving a supplement of 800 IU vitamin D a day from age 2 weeks. None of the infants 
showed any specific physical sign of rickets during the period of study. Six infants showed radio- 
logical evidence of skeletal demineralisation; 1 of these had severe changes of rickets and 1 had 
both rickets and fractures. These 6 infants were of shorter gestational periods and lower birthweights 
than the infants not showing radiological changes. They tended to have more clinical problems and 
to reach a predetermined volume of feeds (160 ml/kg a day) later than the unaffected infants. Serum 


. alkaline phosphatase values were significantly higher at 5 weeks in the infants with abnormal 


radiographs than in those without. There were no significant differences between the two groups in- 
relation to-serum calcium, inorganic phosphate, 25 hydroxyvitamin D, and immunoreactive para- 
thyroid hormone. The pathogenesis of the skeletal lesions of very low birthweight infants remains 
unknown. 


Radiological changes interpreted to show skeletal 
demineralisation or rickets have been observed in 
preterm infants for many years.1* In some patients 


Table 1 Clinical assessment of the patients 
(most patients had more than one problem) 


k ; d f Problems Number 
this has been associated with fractures and respira- N ~ 
: 3—6 TER tari 34 piratory distress requiring 

tory distress. Deficiencies of vitamin D, fncreased F,0, for > 24 hours 126 
calcium,’ 8 and phosphorus,’ / and chronic diuretic Mechanical ventilatory support 9 (5) 
therapy" have been aetiologically implicated. There Pee lung disease A 
are insufficient data to determine whether vitamin D  tatraventricular haemorrhage 4 (3) 
deficiency is related to the production of the skeletal i Se : oe 
changes, and if-so, the appropriate amount of patos a 9 (5) 


vitamin D required. to prevent this. This study 
reports clinical; biochemical, and radiological 
observations- in a group of very low birthweight 


Figures in parentheses denote the number of babies with radiological 
skeletal demineralisation. 


(VLBW). infants given a uniform, empirical supple- 
ment of ergocaleiterol TU/day) from age 2 
weeks. 


Patients and methods - 


Nineteen VLBW infants were studied. A complete 
physical examination was carried out by one of us 
(W K) on at least 2 occasions. The birthweight of 
these infants ranged from 740 to 1295 g (median 
1100). All but one of the infants were of appropriate 
weight for gestational age (range 26-31 weeks) 
according to standard intrauterine growth charts. 

One baby.was growth retarded with a birthweight 
of 1270 g-at 36 weeks’ gestation. The various clinical 
problems are listed in Table 1. Ethical approval and 


AAT 


informed parental co-operation was obtained for: 
this study. 

Fourteen babies were fed on pooled expressed 
breast milk for at least a week, 7 of whom were 
fully breast fed at discharge from hospital. A com- 
mercially prepared modified cows’ milk. formula 
(Nan, Nestlé Company, Australia) was used if 
necessary. This had a stated energy content of 
3000 kJ/l with calcium, phosphorus, and vitamin D 
contents of 510 mg, 360 mg, and. 520 IU/I respec- 
tively. Whenever possible, the infants were fed 
within 4 hours of birth and given 60 ml/kg a day at 
hourly intervals for the first 24 hours. The intake of 
milk was increased and feeding frequency de- 
creased as the infants tolerated the feeds. An 
intake of at least 160 ml/kg a day was achieved by 
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day 8 in 11 babies and by day 14 in three. The 
remaining 5 babies achieved an intake of at least 
120 ml/kg a day by day 14 but did not achieve an 
intake of 160 ml/kg a day until aged 20-34 days. 
Thereafter, all infants had feeds increased to about 
200 ml/kg a day as tolerated. 

In infants with low volumetric intake, the caloric 
content of the milk formula was increased by the 
addition of a glucose polymer and medium chain 
triglyceride oil. Supplementary or total parenteral 
nutrition was administered to 3 patients for 2, 5, 
and 22 days using a standard regimen.!* The vitamin 
D content of the parenteral nutrition fluid was 
100 IU/100 ml. All the infants were given a multi- 
vitamin preparation containirig 800 IU vitamin D 
(ergocalciferol) from age 14 days. Iron supplemen- 
tation (6 mg elemental iron/kg a day) was begun at 
age 6 weeks in all babies. Frusemide (1 mg/kg) was 


given to 1 patient on 3 occasions and to 3 patients | 


once. No patient had chronic diuretic therapy. 

Cord serum from 11 inborn babies .was assayed 
‘for calcium, 25 hydroxyvitamin D (25 OHD), and 
immunoreactive parathyroid hormone (PTH). Blood 
was collected immediately before a ‘morning’ feed 
at ages 5 weeks (n = 17) and 10 weeks (n = 18) for 
the measurement of serum calcium, inorganic phos- 
phate, alkaline phosphatase (SAP), total protein, 
25 OHD, and iPTH. Obvious haemolysis was not 
observed in any serum. sample. Serum calcium, 
inorganic phosphate, and alkaline phosphatase levels 
were measured by commercial kits.* Serum protein 
was measured by the Biuret method. 

Serum 25 OHD concentrations were measured by 
a competitive protein -binding assay which does 
not distinguish between 25 OHD, and 25 OHD, and 
which has intra-assay and interassay coefficients of 
variation of 10.9% and 12.5% respectively. The 
normal! adult range for 25 OHD determined by this 
assay is between 30 and 220 nmol/l and the range is 
similar for normal children. 

Serum iPTH was determined with a guinea-pig 


antiserum (Burroughs Wellcome antiserum 211/32) 


and bovine PTH standards.“ This antiserum 
measures predominantly the C terminal end of the 
PTH molecule although the N terminal portion of 
the hormone is also detected, with measurable serum 
iPTH in 60% of normal adults. The minimum de- 
tectable concentration is 0-2 ug/l; normal adult 
values are less than 0-5. ug/l. Normal values for 
children did not differ greatly from those of normal 


* Calcium Rapid Stat Kit, Pierce Chemical Company, 
Mlinois, USA; ‘Spin Chem’ phosphorus (manual) procedure, 
Smith Kline Instruments Inc. USA; Calbiochem—Behring 
alkaline phosphatase—SVR, Calbiochem—Behring Corp 
La Jolla Ca 92037 USA. — 


adults. The intra-assay and interassay coefficients 
of variation were 6-2% and 9-5% respectively. 

Single view radiographs of wrists and ankles 
including the distal, portions of associated long 
bones were taken at 5 and 10 weeks postnatally and 
were graded as follows: 


Normal. Normal density of bony cortex along shaft 
with normal dense white line at metaphyses and 
normal band of lucency in submetaphyseal region 
(Fig. 1a). 

Grade 1. Loss of dense white line at metaphyses, 
increased submetaphyseal lucency, and thinning of 
cortex (Fig. 1b). 

Grade 2. Changes of grade 1 plus irregularity and 
fraying of metaphyses, with splaying and cupping— 
that is changes of rickets (Fig. 1c). 

Grade 3. Changes of rickets with evidence of frac- 
tures (Fig. 1d). 

The assessments were made by two radiologists 
who had no knowledge of the clinical arid bic- 
chemical details. . 

Statistical analysis included standard and paired ¢ 
tests; with respect to serum iPTH, this was carried 
out only in samples with measurable concentrations. 
Results 
Radiographical examination showed abnormalities 
in 6 patients: 4 with grade 1, one with grade 2, and 
one with grade 3 changes. The baby: with grade 3 
changes had fractures of the distal right radius and 


the lower left tibia. All radiological abnormalities 
were noted only on the radiograph taken 10 weeks 


postnatally except for 1 infant who had grade l 


changes at both 5 and 10 weeks. 


The various clinical problems E E by the :, 


infants are listed in Table 1. All infants had some 
degree of craniotabes at some time during the period 
of study but none showed classical features of 
rickets.!8 Other clinical parameters of the infants 
with and without radiological abnormalities are 
shown in Table 2. 
The results of the investigations at birth, 5 weeks, 
and 10 weeks postnatally are shown in Table 3. 
There was only 1 statistically significant biochemical 
difference between the infants with normal and those 
with abnormal radiographs—-namely mean SAP in 
the 5-week specimens was higher in infants with 
radiological changes. Both patients with radiological 
rickets and 2 patients without radiological changes 
had SAP values greater than 400 1U/I at 30°C. 
There was no statistical difference between the 
serum 25 OHD levels of the two groups of patients 
at birth, at 5 weeks, or at 10 weeks postnatally. 
However, the postnatal changes in serum 25 OHD 
levels were different in each group. At 5 weeks, 
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Fig. 1 Skeletal x-ray changes in VLBW infants receiving vitamin D supplementation: (a) normal, (b) grade I changes, 
(c) grade 2 changes, (d) grade 3 changes. 
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serum 25 OHD levels had risen significantly above 250 
cord values in the infants with normal radiographs. 
In contrast, infants with abnormal radiographs <= 
showed no appreciable rise in serum 25 OHD until 220 
10 weeks postnatally (Fig. 2). a 
Cord serum iPTH values were similar to those of 2 
older children and adults. Postnatally, serum iPTH 150 
values were widely scattered but tended to be higher $ 
than in older children and adults. F 0 
ES 
x= 
i 
50 
Table 2 Clinical features of VLBW infants without 
- and with radiological skeletal demineralisation o (12 
(mean + 1 SD) 3 ENS b LS b % 
a we re À 
Number Birthweight Gestational Age when Age when D » 
of (g) l age feeds birthweight 
infants (weeks) >160 mlikg doubles @ Infants with normal radiograph, © infants with abnormal radio- 
aday (days) (days) graph. 
Without skeletal demineralization: *P<0-001 (f test), TP<0-01 (paired t test), t P<0-05 4 test) 
a 1138-138" 29-242-St 9-644-9¢ 60-648-9 Compared with values at birth. 
With skeletal demineralisation: - 
6 893477 26-840-8 19411-6 5649-3 


Fig. 2. Postnatal changes in serum 25 hydroxyvitamin D 


*P<0-001 (¢ test), tf P<0-05 (f test) compared with number of in very low birthweight infants. 
infants with radiological skeletal demineralisation. 


Table 3a Postnatal changes in serum calcium, inorganic phosphate, alkaline phosphatase, total protein, 25-hydroxy- 
vitamin D, and immunoreactive parathyroid hormone of VLBW infants without radiological skeletal demineralisation 
(mean + 1 SD) ' 





Birth 5 weeks 10 weeks 

cord blood (35: 142-4 days)t (67-8 +3 -8 days) 
Serum values (n = 6) (n = 12) (n = 12) 
Calcium (mmol/) 2-3540-16 2-40+40-09 2-3440-09 
Inorganic phosphate (mmol/D 1-97+0-24 2°0440-41 
Alkaline phosphatase (U/1 at 30°C) 274 470T 2804+116 
Total protein (g/l 45-544-4 45-314-8 
25-OHD (nmol!) 43-8 -+20-3 127:94+50-6t] 1394.55-8t 4 
IPTH* (gj 0-32+40-07 0-64i0-228 0-7340-46§ 





a One serum sample at birth and one at 10 weeks had undetectable iPTH. TP<0-05 (¢ test) compared with patients in Table 3b. ł a C01 
(t test), § P<0-05 (t test), J P<0. Ol (paired ¢ test) compared | wath cord blood. 


Table 3b Postnatal changes in serum calcium, inorganic phosphate, alkaline phosphatase, total protein, 25-hydroxy- 
vitamin D, and immunoreactive parathyroid hormone of VLBW infants with radiological skeletal demineralisation 
(mean + 1 SD) 





~ Birth 3 weeks 10 weeks 

cord blood (37-442-2 days) (67-2+4 days) 
Serum values as (n = 6) (n = 5) (n = 6) 
Calcium (mmol/1) 2-31+0-30 2-3440-12 2-3140-09 
Inorganic phosphate (mmol/) 1-9340-21 1-56+0-23 . 
Alkaline phosphatase (U/i at AD 3734+143 325458 
Total protein (g/l) E : ' 42-2+4-7 43.543-9 
25-OHD (nmol/I) 63-+15-9 92+65-3 103-3435 -6t 
IPTH* (ug/) E 0-27 0-654:0-22 0-90-40-57 





* Four serum samples at birth and one sample at 10 weeks had undetectable iPTH. Five serum samples assayed for iPTH at 10 weeks. tP<0-05 
compared with cord blood (¢ test). 
Conversion: SI to traditional units —25-OHD l nmol/l m0.» 4 ng/ml. 


ay 


Discussion 


The vitamin D requirements of preterm infants are 
not well defined. Early studies? 1” demonstrated that 
as little as 100 to 200 IU of vitamin a day prevented 
biochemical evidence of rickets and sustained normal 
skeletal growth, but at that time few infants with 
birthweights of less than 1500 g survived. 

This study. supports the findings of Glaser et al.* 
that physical examination, clinical course, and SAP 
values are unhelpful in identifying infants with 
abnormal radiological changes. This study however, 
suggests that several clinical features support the 
presence- of abnormal] radiological features in 
VLBW infants. Infants with radiological changes 
were smaller and more preterm at birth and tended 
to have more problems postnatally. Six of the 8 
infants with -birthweights less than 1 kg developed 
abnormal radiographical features whereas none of 
the 11 infants with birthweights greater than 1 kg did 
so. In addition, the infants with abnormal radio- 
graphical changes reached a minimum daily milk 
intake of 160 ml/kg a day significantly later than 
those with normal radiographs. 


All infants received the same vitamin D supple- , 


mentation (800 TU /day) and a similar caloric intake. 
However, the mineral content of the diet is likely to 
have been lower in infants with lower milk intake. 
None of the infants fed exclusively on breast milk 
was affected radiographically. This may be related 
to their greater birthweight, fairly uneventful post- 
natal course, or their ability to achieve a consistently 
higher daily milk intake. We are unable to comment 
on the role of parenteral nutrition in the patho- 
genesis of rickets!® as only one patient in this study 
(with normal radiological findings) received pro- 
longed. supplementary parenteral nutrition. 

The cord serum 25 OHD levels in the present 
study are similar to those reported by Hillman and 
Haddad.” However, it is difficult to compare the 
two sets of data since most of the measurements of 
the 9 VLBW infants reported by Hillman and 
Haddad!’ were obtained during the first 4 weeks 
after birth. In addition, Hillman and Haddad” used 
vitamin D supplements ranging from 0 to 400 
units a day. In our study serum 25 OHD values of 
infants with normal radiographs rose rapidly com- 
pared with those with abnormal radiographs. These 
findings suggest that the absorption and 25 hydroxy- 
lation of vitamin D are well developed by age 5 
weeks in some infants. We are unable to say whether 


the delayed rise in serum 25 OHD levels in some ` 


infants is due to poor absorption or poor hydroxy- 

lation of vitamin D2, or whether these low values 

contribute to the bone changes in these infants. 
Extremely low serum 25 OHD and high serum 
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iPTH levels in the presence of rickets in VLBW 
infants were reported by Hoff et a/.™ In contrast, 
the infants with and without radiological changes 
in our study have similar serum 25 OHD levels. Our 
infants began regular vitamin D supplementation 
earlier than those of Hoff et al.™ The dosage was 
about double that used by Hoff et al.” and the 
daily volume of milk consumption achieved was 
greater among our patients. 

Steichen et al.“ reported raised serum 1,25 di- 
hydroxyvitamin D (1,25(0H),D) levels in infants 
with radiological rickets at age 2 months or more. 
Dihydroxylated vitamin D metabolites assays were 
not performed in this study but it is well known that 
serum 25 OHD concentrations correlate poorly with 
1,25(OH),D values.” 

Difficulties with the technique and interpretation 
of iPTH assays are well documented.** Furthermore, 
it is difficult to compare our results with those 
reported by Hoff et al.,” owing to the fact that the 
investigations were carried out at different postnatal 
ages. However, it would appear that serum iPTH 
increases with age in the postnatal period in VLBW 
babies. The very high values observed postnatally 
may reflect a peculiarity of the regulation of peptide 
hormone secretion™ or the immaturity of the renal 
function. 

With the use of infant-adapted photon absorp- 
tiometry,2! a more sensitive measure of the degree 
of bone mineralisation in VLBW infants is now 
possible and it may ultimately be found that radio- 
graphical studies tend to underestimate the extent of 
the problem. In the study of Steichen ef al. it has 
been shown that the addition of calcium and 
phosphate supplements to the diet can improve the 
bone mineral content of the VLBW infants.™ Our 
data neither support nor refute these findings. It 
seems likely that the skeletal demineralisation of 
prematurity is multifactorial, involving vitamin D, 
minerals, and possibly other factors such as the 
degree of catabolism associated with initial illnesses 
the VLBW infants experienced. 


We thank Dr K Kozlowski for reviewing the x-rays, 
Ms J Robinson and her staff for carrying out the 
biochemical assays, and Mrs N Tom for secretarial 
assistance. 
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Comparative growth of primary schoolchildren from 
One and two parent families 
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SUMMARY Data drawn from the National Study of Health and Growth enabled an examination to 
be made of the attained height, weight for height, and triceps skinfold of children from one and two 
parent families. Children from one parent families were shorter than children from two parent 
families; however, once heights had been adjusted for birthweight, number of siblings, mother’s 
height, father’s height, and mother’s education this was no longer the case. An examination of the 
adjusting factors showed that low birthweights and shorter parents accounted for the shorter 
stature of the one parent family children. An examination of weight for height and triceps skinfold 
measurements indicated an increased tendency towards obesity in the one parent family children, 
although this difference was not statistically significant. The higher prevalence of low birthweights 
and shorter parents that account for the shorter stature of one parent children are factors that 
cannot be ignored in a consideration of the health and growth of this group of children and obesity 


may be a potential health problem among the one parent family children. 


The number of illegitimate births, expressed as a 
proportion of all births in England and Wales, has 
risen from about 8% in the early 1970s to nearly 
11% in 1979." This trend coupled with a rising 
divorce rate (67 000 more divorces were granted in 
1979 than in 1971)' has resulted in a substantial 
group of one parent families in the population. In 
1979 in Great Britain 12% of all children in the 
population were from one parent families as reported 
by the Central Statistical Office in 1980.! This group 
comprises mother-headed and father-headed families, 
the latter being in the minority and the majority of 
mother headed families being a result of divorce 
and separation. 

Children from mother-headed one parent fami- 
lies—whether as a result of unmarried motherhood, 
widowhood, divorce, or separation—are subject to 
stresses and strains, and are thought to constitute 
an ‘at risk’ group in the population with regard to 
health and growth. Previous work on one parent 
families has concentrated on the study of such 
stresses and strains—for example, financial?-* and 
housing” °—rather than the study of the outcome of 
such stresses and strains on health and growth. 

It is known that there are differences in attained 
height® * and weight®® between social groups. We 
have therefore studied data from the National Study 
of Health and Growth (NSHG) to determine 
whether there is an association between the number 


of parents living in the household and attained 
height and weight of the children of these families. 


Methods 


The NSHG, which began in 1972, is a mixed longi- 
tudinal study of children aged between 5 and 11 years 
attending primary school. Twenty-eight areas in 
England and Scotland were chosen by stratified 
random sampling, with proportionately more areas 
from poorer social groups.'? The annual sample is 
defined as all pupils of selected primary schools 
within these areas, the same schools being visited 
each year. The height, weight, and triceps skinfold 
measurements of the children are taken once a year, 
and 2 weeks before the measurement session parents 
are asked to complete a questionnaire of social 
information. 

In the cross-sectional analysis data were obtained 
from 5658 children who participated in the NSHG 
in 1977, the first year in which information as to 
whether the child’s family was a one or two parent 
family was sought. Changes in the questionnaire in 
1977 however, meant that details of mother’s 
education, parents’ weights and heights had to be 
obtained from 1976 questionnaires and therefore 
only children who had taken part in the study in 
both years were included in this analysis. The 
Figure shows the number of these 5658 children 
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5 658 children in study in 1976 ond 1977 


11% 
Refused to answer questionnaire 
4920 


2% | No answer to question - 
Weee 
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4499 319 


Two parent familles 


Response rates 
4499 x 100% | 319 = 100% 
95 93 
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Figure Number of children in the analyses and 
response rates per yariable according to number of 
parents. 


whose data were not included in the analysis with 
the reasons for their exclusion. 

Separate analyses were made of attained height, 
triceps skinfold, and weight adjusted for height and 
age," the last two measures being proxies of obesity 
in childhood. The.properties of these proxy measures 
were discussed by Morris and Chinn.“ Many of our 
results are expressed in standard deviation (SD) 
scores. These scores were calculated for each child 
as the difference between a child’s own measurement 
and the mean measurement in 1977 of children of 
the same age, sex, and country of residence (Scotland 
or England), divided by the SD for these children. 
This method removes the effects of age, sex, and 
country, and standardises for the increasing variance 
of the measurements between ages 5 and 11 years. 
As the distributions of weight and triceps skinfold 
were positively skewed, before calculating the 
appropriate SD score, the transformations log 
(measurement—constant) were used to normalise 
these distributions, } 13 

The social and biological factors were: child’s 
birthweight; number of children in the family; 
mother’s education (as a proxy measure of social 
class); parents’ heights; and, in the case of the 
obesity measures: parents’ weights and child’s 
ethnic origin. These independent variables are known 
to be significantly associated with height and weight 


and account for most of the explicable variation in 
the height and weight of children.’ +4 

Preliminary analysis involved firstly a comparison 
of children’s heights, triceps skinfolds, and weight 
for heights in one and two parent families, and 
secondly an analysis was made of these measure- 
ments in relation to the selected social and bio- 
logical factors, to determine whether the associa- 
tions of these factors and the three measurements 
were the same in the one and two parent family 
children. 

The main analysis compared the height, triceps 
skinfold, and weight for height of children of one 
and two parent families, adjusted by the selected 
social and biological variables using a multiple 
covariance analysis. Child’s birthweight, parents’ _ 
heights and weights were included in the models as 
continuous variables while child’s ethnic origin was 
divided into white or other origin; number of 
siblings was divided into groups of fewer than 2 
siblings, 2 or 3 siblings, and 4 or more siblings; and 
mother’s education divided into five categories, 
elementary, secondary modern and comprehensive, 
commercial, grammar, university and professional. 
The first part of this analysis only included the 
children with complete information for all the 
independent variables. Response rates for these 
variables are shown in the Figure. The second part: 
included thechildren with incomplete information for 
the independent variables. An extra category, 
for children with missing information, was created 
for number of siblings and mother’s education. 
Missing data in the continuous variables were 
allowed for by using the analysis of covariance 
method.» The missing items were replaced by the 
mean value of the variable, and an extra variable 
created, taking the value one for a child with the 
corresponding item of data missing, and zero for 
the rest. This automatically adjusted the dependent 
variable, in the covariance analysis, for different 
proportions of missing values in the one and two 
parent families when the dependent variable 
differed for children with incomplete informaticn. 

A further analysis was made of the weight 
measurements to determine whether the proportions 
of obese children were different in one and two 
parent families. The dependent variables were 
expressed as dichotomous variables whose cut-off 
points were defined as the 80th and 90th centile 
distribution of weight for height and triceps skinfold. 
Linear models were fitted using the program 
GLIM.78 

This program did not allow space for all the 
individual data points in this analysis and so còn- 
tinuous variables were categorised. The variables 
included were mother’s weight/height index divided 
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Table 1 Attained height, weight for height, and triceps skinfold of children expressed in SD score according to 


number of parents, country of residence, and gender 


Two parents 
No Mean SE 

Heights 

English boys 1955 0-04 0:02 

English girls 1873 0-05 0-02 

Scottish boys 344 0-11 0-05 

Scottish girls 326 0-19 0-05 
Total 4498 0-06 0-01 
Weight for height 

English boys 1950 —0:-01 0-01 

English girls 1871 —0-02 0-02 

Scottish boyz 342 —0-09 0-03 

Scottish giris 325 —0:-02 0-04 
Total 4488 —0-02 0-02 
Triceps skinfold 

English boys 1958 —0-03 0-02 

English girls 1882 0-00 0-02 

Scottish boys 345 —0-09 0-05 

Scottish 325 —0-01 0-02 
Total 4510 —0-02 0-01 


+P<0-1;*P<0-05, 


into four quartiles; child’s birthweight divided 
into four groups, 1000-2500, 2500-3000, 3000—4000, 
and 4000-5000 g; mother’s education and number of 
siblings were divided as in the previous analysis. 


Results 


Table 1 shows the mean measurements, expressed in 
SD scores of all children in the analysis, according 
to the number of parents living in the household, 
country of residence, and sex of the child. 

In Scotland, girls from two parent families were 
significantly taller (P<0-05) than those from one 
parent families. The remaining height measurements 
all showed non-significant differences, however 
children from two parent families were invariably 
taller than those from one parent families. 

Mean weight for height and triceps skinfold 
measurements of the children showed there to be no 
significant differences between the one and two 
parent family children. The one parent family 
children however, had higher weight for height and 
triceps skinfold values with the exceptions of weight 
for height values of Scottish boys and triceps 
skinfold values for English girls. 

The analysis of height expressed in SD scores in 
relation to age, sibship size, birthweight, mother’s 
height, father’s height, and mother’s education 
showed similar associations in one and two parent 
family children. These associations were as reported 
by Rona et al.” using information collected in 1972. 

. The analysis of the two weight measures, expressed 
in SD scores in relation to the social and biological 


One parent t difference 
No Mean SE two and one parent 
123 —0-09 0-08 1-41 

148 0-00 0-09 0-62 

23 —0-06 0-20 0-80 

25 —Q-32 0-21 2-34* 

319 —0-06 0-10 1-19 

123 0-09 0-06 1-64T 

146 0-03 0-05 0-93 

23 —0-12 0-13 0-22 

25 0-25 0-14 1-10 

317 0-06 0°07 -10 

124 0-05 0-09 0-84 

151 0-00 0-08 0-05 

23 —0-08 0-17 0-03 

25 0-06 0-20 0-35 

323 0-02 0-10 0-40 


factors showed similar associations in the one and 
two parent family children. These associations were 
as reported by Rona."4 

Child’s ethnic origin is a factor that has not 
previously been included in this type of analysis in 
the NSHG. Children of white origin had significantly 
higher triceps skinfold values than those from other 
origins (P<0-001). Results showed similar trends 
for boys and girls considered separately. Weight 
for height measurements followed the same trend. 

The children for whom information was lacking 
for independent variables were shorter than the 
children with complete information and formed a 
higher proportion of the one parent family group 
than the two parent group. Inclusion of these 


children by the methods described above led to- 


similar regression coefficients of height SD scores 
on the other independent variables, and did not 
alter the difference between the one and two parent 
family group after adjustment. Results are therefore 
only presented for the multiple covariance analysis 
including all children, that is, children with in- 
complete and complete information. Tables 2 and 
3 show the attained heights, weight for heights, and 
triceps skinfolds of children from one and two 
parent families in England and Scotland, expressed 
in SD scores, unadjusted and adjusted by the 
independent variables. 

In England and Scotland there were no significant 
differences between the adjusted heights of the one 
and two parent family children. The test for non- 
parallelism of the regression planes for the two 
proups was significant for boys and girls, in England 
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Table 2 Attained height, weight for height, and triceps 
skinfold expressed in SD scores according to number 

of parents living in the household in England unadjusted 
and adjusted by birthweight, number of siblings, mother’s 
height, father’s height, mother’s education, and in the 
case of the weight measures child’s ethnic origin and 
parents’ weight, taking into account all children tn the 
analysis 


No Unadjusted Adiusted 


Heights 
Boys 
Two parent family 1955 0-043 0-040 
One parent family 123 ~0-089 — 0-030 
Difference m means 0-132 G-070 
Standard error of difference 0-087 C-084 
Lack of parallelism N/A * 
Giris 
Two parent familly 1873 0-053 0-044 
One parent family 148 0-001 G-113 
Difference in means 0-052 —O-069 
Standard error of difference 0-080 0-081 
Lack of parallelism N/A. - 
Weight for height 
Boys 
Two parent family 1950 —0.011 —{}-O11 
One parent family 123 0-090 0-084 
Difference in means ~—Q-101-+4+-  —0.-095 
. Standard error of difference 0-060 0-060 
Lack of parallelism N/A NS 
Girls l 
Two parent family 1871. —Q-023 -0-024 
One parent family 146 6-029 0-032 
Difference in means —Q-052 ~G-056 
Standard error of difference 0-037 9-059 
. Lack of parallelism NIA NS 
Triceps skinfold 
Boys 
Two parent family 1958 —O-025 ~~ Q+ 027 
One parent family 124 0-051 0.08f 
Difference in means —0-076 0-108 
Standard error of difference 0-091 0-093 
- Lack of parallelism N/A NS 
Girls 
Two parent family 1882 —Q0-001 0-004 
One parent family 151 0-004 0-049 
Differance in means —0-005 -0-053 
Standard error of difference 0-085 0-089 
Lack of parallelism N/A NS 





N/A. = Not applicable, NS =non significant. 
+ Significant P<0-1, *aignificant P<0-05, **significant P<0-01. 


(P<0-05, P<0-01 respectively), so that the differ- 
ences in mean height between the two groups were 
not the same for all values of the independent 
variables. However, when the mean height for each 
group was adjusted to the overall mean of the 
independent variables using the separate regression 
equations for the one and two parent family groups 
the difference in adjusted mean heights for the boys 
was slightly less than that given in Table 2. For girls 
this adjustment in height of the one parent family 
mean increased the adjusted mean height SD score 
to 0-200. Therefore despite the significant lack of 
parallelism between.one and two parent families in 
boys dnd girls, it still can be said that adjustment 
invariably meant an increase in the attained height 


Table 3 Attained height, weight-for height, and triceps 
skinfold expressed in SD scores according to number of 
parents liying in the household in Scotland unadjusted 
and adjusted by birthweight, number of siblings, 
mother’s height, father's height, mother’s education, 
and in the case of the weight measures child's ethnic 
origin and parents’ weight, taking into account all 
children in the analysis 





No Unadjusted Adjusted 


Heights 
Boys 
Two parent family 344 0-110 0-035 
One parent family 23 —Q-057 0-298 
Difference in means 0-167 —Q-213 
Standard error of difference 0-207 0-206 
Lack of parallelism N/A NS 
Girls 
Two parent family 326 0-186 0-161 
One parent family 25 —O-320 —0-003 
Difference in means 0- 506* 0-164 
Standard error of difference 0-198 0-187 
Lack of parallelism N/A NS 
Weight for height 
Boys f 
Two parent family 342 —0-086 —Q-080 
One parent family 23 —0-118 —0-208 
Difference in means - 0-032 0-128 
Standard error of difference 0-125 0-146 
Lack of parallelism N/A NS 
Girls 
Two parent family 325 —0-020 —0-023 
One parent family 25 0-253 0-234 
Difference in means —Q-273 —0-317* 
Standard error of difference 0-139 0-148 
Lack of paralislism N/A NS 
Tricep skinfolds 
Boys 
Two parent family 345 —O-088 —0-074 
One parent family 23 —0-083 —Q-297 
Difference in means —0. 005 0-223 
Standard error of difference 0-196 0-233 
Lack of parallelism N/A NS 
Girls 
Two parent family 325 —0-013 —0:023 
One parent family 25 0-064 0-197 
Difference in means —Q-077 —Q-220 
Standard error of difference 0-210 0-231 
Lack of parallelism 





N/A = not applicable, NS = non significant. — 
* Significant P<0-05. 


values of the one parent family children. An ex- 
amination of the adjusting factor showed that this 
was firstly a result of the high proportion of one 
parent family children with low birthweights (10% 
of one parent family children had birthweights 
lower that 2500 g compared with 6% of two parent 
family children) and secondly a result of the high 
proportion with low values for parents’ heights. 
Adjusted weight for height and triceps skinfold 
values showed that in Scotland, girls from one 
parent families had significantly larger weight for 
height values (P<0-05) and, although non- 
significant, larger triceps skinfold values. All other 
differences were not significant; however in England 
girls from one parent families had Jarger adjusted 
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mean weight for height and triceps skinfold values 
than. those from two parent families. 

The results of the obesity analysis, comparing the 
proportions of obese one and two parent family 
children showed there to be no significant differences. 
In-England, weight for height and triceps skinfold 
measurements showed that the one parent family 
children tended towards obesity with respect to 
both the 80th and 90th centiles, a higher proportion 
of one parent families falling into the 80th and 90th 
centiles than two parent family children. Trends 
were inconsistent for Scotland. 


Discussion 


Analysis of the height of the mother-headed one 
parent family children showed that although they 
were shorter, when adjustments were made for 
birthweight, number of siblings, mother’s height, 
father’s height, and mother’s education, there were 
no significant differences in the heights of one and 
two parent family children. This indicated that the 
shorter stature of this group is associated with these 
social and biological factors rather than with the 
children’s parental situation itself. An examination 
of the adjusting factors showed that low birthweights 
and -shorter parents’ heights accounted for the 
shorter stature of the one parent family children. 
This type of finding was consistent with work 
done on a different aspect of one parent family 
children. Essen!’ in 1979 using data from the 
National Child Development Study, following 
children between 7 and 17 years old, looked at 
school attainment of children who had spent any of 
their childhood in a one parent family. Children in 
one parent families had lower scores on test of 
attainment but after adjusting for background 
factors, particularly income, this was no longer the 
case for a reading test, and differences in mathe- 
matics were not significant. This confirmed work by 
Ferrit? in her study of the National Child Develop- 
ment Study children when they were eleven. Low 
scores in school attainment tests were related to 
social and financial circumstances rather than to the 
children’s parental situation itself. In our analysis 
birthweight and parental height were associated with 
the shorter stature of one parent family children. 
Analyses of weight for height and triceps skinfold 
measures indicated an increased likelihood of 
obesity among the one parent families. Findings 
of previous studies examining the nutritional status of 
one parent family children are contradictory and do 
not therefore substantiate a dietary explanation for 
this increased tendency towards obesity. The survey 
of children from one parent families in Newcastle 
upon Tyne! showed that fatherless boys, but not 


girls, had a higher mean daily intake of energy, due 
to an increased intake of protein, fats, and carbo- 
hydrates, associated with a slightly greater mean 
height and arm muscle area. In contrast, in the 
study in Kent® a higher proportion of obese children 
was found among the fatherless children. However 
these children had a better quality of diet for 
although they had a.lower average daily intake of 
energy and nutrients they had a higher intake of all 
nutrients/1000 kcal except for carbohydrate and 
added sugars. . 

This study has concentrated on the mother- 
headed one parent families, firstly as father-headed 
one parent families are in the minority, forming only 
12% of all one parent families in Great Britain for 
the years 1977 to 1979 and secondly, the circum- 
stances of the father-headed families are different 
from those of the mother-headed families. Evidence 
from the literature shows that one parent families 
are twice as likely to have a low income if headed 
by a woman.” | 

The group being considered as the mother headed 
one parent families will consist of the widowed, 
separated, divorced, and single. We also know that 
a proportion of families change status from year to 
year, 14-8% of the one parent families in the 
NSHG had two parent family status and 1-9% 
of the two parent families had one parent family 
status in 1978. The one parent families are known 
to experience different situations and each child 
in the analysis may have been experiencing very 
different environments for differing lengths of 
time. For example, it is known that widows and their 
families tend to be less dependent on Supplementary 
Benefit and free school meals, and are in general, 
better off than other fatherless families.? Although, 
there may be a particular subgroup at greater dis- 
advantage than the others, attempts to obtain 
information about one parent families and length 
of duration that they have been one parent families, 
might reduce response rates to the questionnaire. 
In Great Britain for the years 1977 to 1979, 
mother headed families were composed of 38% 
divorced, 24% separated, 19% widowed, and 19% 
singlet We therefore assume that our results will 
apply to the majority of mother headed families— 
that is, the divorced and separated. 

This study has shown that firstly, it is the high 
proportion of children from one parent families 
with low birthweights and shorter parents that is 
associated with the shorter stature of the one parent 
family children, factors that cannot be ignored in a 
consideration of the health and growth of these one 
parent family children, and secondly, the increased 
tendency towards obesity indicates that this may be 
a potential health problem among these children. 
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Plasma prostacyclin from birth to adolescence 
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SUMMARY ‘The plasma concentration of 6-keto-prostaglandin Fja (6-keto-PGF,,), the stable 
hydration product of prostacyclin, was measured by radioimmunoassay in 111 healthy children 
aged between I day and 16 years and in 21 healthy adults aged between 21 and 72 years. The 6-keto- 
PGF, levels in children up to age 16 years were higher than those in adults. During the first 4 days 
of life the plasma concentrations of 6-keto-PGF,. in term infants were higher (P <0:05) than the 
respective levels in preterm infants. There was no difference between the 6-keto-PGF,, levels 
measured simultaneously in umbilical arterial and peripheral venous plasma in 7 newborn infants. 
Maternal pre-eclampsia or epidural analgesia during labour, mode of delivery, birthweight, or sex 
of the infants were not related to the plasma 6-keto-PGF,, levels on the first day of life. High levels 
of vasodilatory and anti-aggregatory prostacyclin during the first days of life may play a role in the 


postnatal adaptation of the circulation and platelet function. 


Prostacyclin (PGI,) is a recently discovered hormone 
which is generated from prostaglandin endo- 
peroxides, mainly by way of the vascular walls. It 
is characterised by anti-aggregatory and vaso- 
dilatory properties. PGI, is unstable; most of 
it is rapidly converted non-enzymatically in physio- 
logical pH to 6-keto-prostaglandin F,q (6-keto- 
PGF, q), the concentration of which, in a biological 
sample, reflects the production of PGI,.? 

PGI, is the major product of prostaglandin 
biosynthesis in vascular tissues of fetal animals.? 3 
The human umbilical cord and placental vessels 
also generate much PGI, in vitro.’ ® The vaso- 
dilatory PGI, may contribute to the low peripheral 
resistance typical of the fetal circulation.4*’ There 
is evidence to suggest that PGI, is important in 
adults, but little is known about the endogenous 
PGI, in newborn infants or older children. There- 
fore we studied plasma PGI, in children from birth 
to adolescence. 


Material and methods 


Subjects. One hundred and eleven healthy children 
were studied with the approval of the local com- 
mittee of ethics. Twenty-one preterm infants (born 
at 29-36 weeks’ gestation) were studied, most of 
them on two occasions at age 1-4 or 6-8 days, or 
2-4 weeks of life. Thirty-eight term infants (born 
at 37-42 weeks’ gestation) were similarly studied 
during the first 4 weeks of life. Fifteen (7 term and 
8 preterm) infants were delivered by caesarean 


section and 44 infants vaginally. None had clinical 
evidence of heart or lung diseases. Five mothers had 
had pre-eclampsia (blood pressure over 150/100 
mmHg), and segmental lumbar analgesia using 
low-dose bupivacaine infusions epidurally was used 
for 6 mothers during labour. In addition, 52 healthy 
children were studied between ages 3 months 
and 16 years and 21 healthy adults (5 men, 16 
women) between ages 21 and 72 years. No subject 
had used drugs known to interfere. with prosta- 
glandin synthesis within the 10 days before the start 
of the study. 


Sampling and analytical procedures. Blood samples 
(1-2 ml) were collected either by venepuncture from 
a peripheral vein or from aortic blood via an um- 
bilical arterial catheter, with the exception of 7 
infants, from whom samples from both sites were 
collected simultaneously. In addition, blood speci- 
mens were collected separately from the umbilical 
cord vein and artery immediately after placental 
expulsion in 7 term vaginal deliveries. Most (95%) 
blood samples were obtained at the time of routine 
clinical monitoring. 

The blood was drawn into ice-cold heparinised 
tubes containing acetylsalicylic acid at the final 
concentration of 20 pmol/l. Plasma was separated 
immediately by centrifugation at +4°C and stored 
frozen (—20°C) until assayed for 6keto-PGFya 
with radioimmunoassay. Plasma was acidified to 
pH 3 with hydrochloride acid and extracted 4 times 
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with ethyl acetate, The combined organic phases 
were evaporated to dryness under a nitrogen stream 
-and two different parts, both in duplicate, of the 
residue dissolved in ethanol, were taken for the 
saturation analysis using specific antibodies raised 
in rabbits against 6-keto-PGF,q-bovine serum 
albumin conjugate and a tritiated tracer (New 
England Nuclear Corporation, Boston, Mass, USA). 
The specificity of the antibody was tested against 22 
other prostaglandins or related compounds, and all 
crossreactions were less than 0-1% at the 50% 
displacement level, except for 6-keto-PGE,, which 
had a-crossreaction of 1-8%. The recovery of added 
6-keto-PGF,, (50-200 pg/ml) into plasma was 
between 84 and 104% (n = 15), and the coefficients 
of intra-assay and interassay variations were between 
6-8-8-5 and 9-3-14-2%, respectively. The plasma 
6-keto-PGF,_ measurement as an index of PGI, 
production was further validated by demonstrating 
a linear relationship (r = 0-958, P<0-001, n = 24) 
between infused PGI, doses (1-8 ng/kg per min) 
and the rises in 6-keto-PGF,, levels in the plasma 
of 6 healthy adults. We could also show in vitro 
works that the release of radioimmunoassayable 
6-keto-PGF;a by the umbilical cord vessels is 
inhibited with indomethacin in a concentration 
dependent manner, which gives further validation 
for 6-keto-PGF, measurement. 


Statistical analysis. The results were tested using 
the Mann Whitney rank sum test. 


Results 
Cord blood. The concentrations of 6-keto-PGF,a in 
umbilical arterial plasma (1002 +150 pg/ml; 


mean + SE) were higher than those in umbilical 
venous plasma (538 + 116 pg/ml; P<0Q-05) or in 
term infants on the first day of life (397 +- 25 pg/ml; 
P<0-001). However, the 6-keto-PGF,, levels in 
umbilical venous blood did not differ from those in 
term infants on the first day of life (P>0-05). 


Term infants. 


The first day of life 

There was no difference (P>0-05) between the 6- 
keto-PGF,q levels in samples taken simultaneously 
from the umbilical artery (396 + 80 pg/ml) and the 
peripheral vein (410 4- 65 pg/ml). Consequently, the 
neonatal concentrations of 6-keto-PGF,q measured 
in umbilical arterial or peripheral venous plasma 
were combined. The 6-keto-PGF,,q levels on the 
first day of life were higher than those in older 
children and adults (Table). Maternal pre-eclampsia 


Table Plasma concentrations of 6-keto-PGF, a 
(mean + SE) at different ages 


Age Term infants Preterm infants 

No 6-keto-PGF,a No 6-keto-PGF,a 

(pgjmi) (pgimi) 

Day i 18 397 .+-25%* 9 283 4-40** §% 
Days 2-4 17 367+ 36** 8 285+66"* 3§ 
Days 6-8 6 191+20°* tt 6 192+ 16 
Weeks 2-4 6 196429 tt 5 180+17** + 
Months 3-6 10 231-425 tt 
Yoars 1-4 23 185-+-12** tt 
Years 5-10 7 145 -+16* Ht 
Yoars 11-16 I1 138-414* H 
Adults 21-72 2i 85+7tT 


* P<0-01, ™ P<0-001 in comparison with'the adult levels. 
+ P<0-05, tt P<0-001 in comparison with the first-day levels, 
$§ P<0-05 in comparison with the term infants. 


or epidural analgesia, the mode of delivery (cae- 
sarean section or vaginal delivery), the birthweight, 
or gender of the infants had no relation to the 
concentrations of 6-keto-PGF,,_ in neonatal plasma 
on the first day of life. 


From the second day to 16 years of life 

The concentrations of 6-keto-PGF,q stayed in the 
range of the first-day levels for the next 1-3 days, 
but rapidly fell at age 6-8 days (Table). With 
advancing age of the children the 6-keto-PGF,a 
concentrations declined towards the adult levels, but 
still in adolescence, the 6-keto-PGF,, levels were 
higher than those in adults (Table). 


Preterm infants. The concentrations of 6-keto-PGF, a 
in preterm infants were lower (P<0-05) than those 
in term infants on the first 4 days of life, whereas 
no differences in these levels were found later 
(Table). The age-dependent decrease in 6-keto- 
PGF, levels took place later in preterm than 
term infants (Table). 


Discussion 


It is clear from our data that plasma PGI,, as 
measured by its metabolite in peripheral blocd, 
is greatly increased during the first days of life. 
This may reflect the high PGI, production typical 
for the fetal vasculature *, as also seen from the 
high concentrations of 6-keto-PGF,,_ in the um- 
bilical cord vessels in our study. Judged from the 
higher levels of 6-keto-PGF,q_ in the umbilical 
artery compared with umbilical vein, it seems likely 
that the fetal 6-keto-PGF,,_ contributes. to the 
increased 6-keto-PGF,. concentrations in maternal 
plasma during pregnancy® or labour.? Perhaps the 


fetus through this PGI, surge helps to control the 
blood flow in its own placenta. 

Since PGI, is produced particularly by the 
pulmonary vascular bed, the high 6-keto-PGF,.< 
levels on the first days of life might also be a con- 
sequence of the increased output of PGI, by the 
newly ventilated lungs. This was suggested in a study 
that showed there was increased release of vaso- 
dilatory PGI, from the fetal lung after the start of 
respiration.“ Our results further suggest that the 


- fetal PGI, synthesis is not fully matured before term, 


since the concentrations of 6-keto-PGF,. in preterm 
infants on the first days of life were significantly 
lower than those in term infants. 

The biological significance of the high PGI, 
concentrations during the first days of life is not 
known. PGI, could be the endogenous pulmonary 
vasodilator known to be present in newborn in- 
fants.!? This is supported by the pulmonary vaso- 
dilatation after PGI, infusions in near-term goats!® 
and lambs./4 In humans, the pulmonary vascular 
resistance decreases rapidly during the first few days 
of life. This decrease matches well with the high 
PGI, levels on the first 4 days we observed in our 
study. Thus our data could support the hypothesis 
of PGI, as a pulmonary vasodilator. Increased 
production of anti-aggregatory PGI, could also 
provide an explanation for the impaired platelet 
aggregation in newborn infants.!6 After the rapid 
decrease during the first week of life, the PGT, levels 
declined slowly towards the adult values. Similar 
age-dependent decrease of PGI, production has been 
found in rat aortas.” Perhaps this age-related PGI, 
decline might provide one explanation for the 
changes in the haemodynamics observed in child- 
hood—for example, the rise in systemic vascular 
resistance.18 

We conclude that the healthy term infant cir- 
culates more PGI, than the healthy preterm in- 
fant, the older child, or adult. The involvement 
of PGI, in neonatal disorders, such as persistent 
fetal circulation or respiratory distress syndrome, 
should be studied. 


This study was supported by the Medical Research 
Council, The Academy of Finland, and the Alma 
and K A Snellman Foundation. 
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Intestinal absorption of food antigens in 


coeliac disease 


ROBERT W PITCHER-WILMOTT, IAN BOOTH, JOHN HARRIES, AND 
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SUMMARY Serum concentrations of ovalbumin, §-lactoglobulin, and antigen-antibody complexes 
were measured after jejunal administration of milk and raw egg in 6 children with active coeliac 
disease and in 4 controls. The results did not support the hypothesis of a generalised increase in 
absorption of antigens from the intestinal lumen in coeliac disease. 


It is well known that antigenically-intact food pro- 
teins are absorbed across the healthy gastrointestinal 
mucosa;! the amounts absorbed are insignificant 
nutritionally but they are sufficient to immunise, and 
antibodies to cows’ milk proteins may be found in 
most normal children.* Increased absorption of 
food proteins has been demonstrated in infants 
recovering from diarrhoea? and it has been suggested 
that this is owing to mucosal damage. 

In coeliac disease, where profound mucosal 
damage occurs, it has been proposed that there may 
be a generalised increase in the absorption of 
antigens from the intestinal lumen and that an 
immunological response to these antigens contri- 
butes to the lesion of the small intestine.4 In common 
with several other gastrointestinal diseases, coeliac 
disease is associated with increased antibody 
responses to dietary proteins®-? but there is no 
evidence that these antibodies are directly respon- 
sible for the intestinal disease. 

To test the hypothesis that absorption of dietary 
antigens is increased in active coeliac disease we have 
measured the serum concentrations of §-lacto- 
globulin, ovalbumin, and antigen-antibody com- 
plexes (AAC) after administration of milk and egg 
to children with active coeliac disease, to children 
with coeliac disease in remission, and to control 
children. 


Subjects 


Ten children were studied while having a jejunal 
biopsy for investigation and confirmation of the 
diagnosis of coeliac disease. Six were having a post- 
gluten challenge biopsy which showed severe partial 
villous atrophy in 5, and subtotal villous atrophy in 


the sixth. Two patients were having pre-challenge 
biopsies while on gluten-free diets; they were free 
from symptoms and their biopsies were normal. 
Two further children in whom no organic cause was 
found were being investigated for suspected malab- 
sorption and their biopsies were normal. The child- 
ren therefore comprised a group of 6 patients with 
severe mucosal damage and 4 patients with normal 
mucosa. 


Methods 


The study was approved by the hospital’s ethical 
committee and fully informed consent was obtained 
in each case. All patients were fasted overnight and, 
before the biopsy specimens were taken, the patients 
were piven a mixture of milk (10 ml/kg; equivalent 
to 25 mg 6-lactoglobulin/kg) and beaten egg (1-5 
ml/kg; equivalent to 150 mg ovalbumin/kg) to a 
maximum volume of 500 ml via a jejunal tube. 
Indwelling cannulae that had been inserted for drug 
administration during the biopsy procedure were 
used for blood sampling and small samples were 
taken just before administration of the milk/ezg 
mixture and at 30 minutes and 1, 2,'3, 4, and 5 hours 
thereafter. Serum was separated within 2 hours, 
placed in aliquots, and stored at —70°C. 


Antigen detection assays. Concentrations of ov- 
albumin and f-lactoglobulin were measured by a 
two-site solid-phase radioimmunoassay® using poly- 
vinyl plates. Results in ng/ml (limits of detection 
about 1 ng/ml) were read from standard curves and 
expressed as ng/ml serum/g antigen administered/kg 
bodyweight. 
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Autigen-antibody complexes. Circulating AAC were 
measured by the polyethylene glycol (PEG) precipi- 
tation method. This was performed using 12% 
PEG in EDTA buffer pH 7-6 diluted with sample to 
give a final PEG concentration of 2% and incubated 
overnight at 4°C.° Precipitated immunoglobulins 
G, A, and M were measured by radial immuno- 
diffusion and the results expressed as percentages 
of the total immunoglobulin concentrations of each 
class. 


Results 


Levels of ovalbumin and f-lactoglobulin were 
undetectable before administration of the test meal 
in each case. After the mixture of milk and egg had 
been given 4 coeliac patients showed progressive 
increases in serum ovalbumin concentrations (Fig. 
la) but the remaining 2 showed no evidence of 
absorption. Two of the 4 children with normal 
mucosa demonstrated absorption of ovalbumin 
(Fig. 1b) which was similar in degree to that seen 
in the 4 patients with mucosal damage. 

The 2 children with normal biopsies who showed 


(a) 


‘200 


[ng /ml Ag /kg) 


no detectable ovalbumin absorption were the 
coeliacs in remission. Although levels of ovalbumin 
did not correlate with having coeliac disease or 
with the degree of mucosal damage judged micro- 
scopically, the greatest degree of ovalbumin absorp- 
tion occurred in a child with subtotal villous atrophy 
(the most severe form of mucosal damage). 

There was no good evidence of 6-lactoglobulin 
absorption in 4 of the children with active coeliac 
disease (Fig. 2a) although the other 2 such children 
had pronounced increases in §-lactoglobulin con- 
centration after administration of the test meal. 
The maximum values in those 2 patients were greater 
than those of the 2 coeliacs in remission while the 
controls with normal mucosas did not develop 
measurable concentrations of B-lactoglobulin (Fig. 
2b). There was no demonstrable absorption of 
B-lactoglobulin in the child with subtotal villous 
atrophy. 

None of the subjects had significant changes in 
IgG, IgA, or IgM complexes after antigen admini- 
stration. The results for the children with normal] 


_ mucosas are compared with those of the children 


with abnormal biopsies in the Table. One child with 
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Fig. 1 Serum concentrations of ovalbumin after food provocation in (a) 6 children with active coeliac disease and 
(b) 4 children with normal mucosa (open triangles are the normal children and closed triangles are coeliacs in remission). 
The broken line indicates the limit of sensitivity for the assay. 
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Fig. 2 Serum concentrations of 8-lactoglobulin after food provocation in (a) 6 children with active coeliac disease and 
(b) 4 children with normal mucosa (open triangles are the normal children and closed triangles are coeliacs in remission). 
The broken line indicates the limit of sensitivity for the assay. 


Table Antigen-antibody complex levels (mean and range) after food provocation in 6 children with active coeliac 
disease compared with 4 controls 








Immunoglobulin Before Time after food provocation (hours) 
30 min I 2 3 4 353 
Patients j 
IgG 1-88 1-43 1-54 1.94 1-65 1-45 1-60* 
1-36-2-44 0-82~2+44 0.82-2.49 0-62-2-64 0-932 +46 0-62-2-63 0-94-2-2 
IgA. 1-01 0-9] 0-88 1-20 1-13 0-88 0-78* 
0-1 -64 0-1-78 0-1-60 0-1-82 01-61 0-1-30 0-34-1-38 
IgM 3-89 4-61 4-26 3-71 4-4 4-04 4-21* 
0-6-05 0-9 -26 0-8 -55 0-6-55 0-9 +26 2-08-6-55 0-6-27 
Controls 
IgG 1-70 1-18 1-65 1-05 1-17 1-30 — 
0-87-3-03 0+ 65-2 -03 0-70-2-83 0-52-1-96 0-90--1 «56 0-85-2-28 — 
IgA 1-54 1-33 1-61 1-01 1-31 1-06 — 
0-91-2-72 0.652-36 0-78-2-19 0-61-1-65 1:00-2:17 0-82-1 -48 — 
IgM 5-25 3-98 4.08 3-85 3:74 4.59 — 
32 -7—7 -81 2-20-5-19 3-13-4-94 3-27-4-73 2:37-35. 71 3-07-6-29 — 





* Only 5 patients as one did not complete the study. 
Results are expressed as the percentage of total immunoglobulin for each class precipitated by 2% polyeth yleno glycol. 
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coeliac disease was found to have IgA deficiency; 
this was the child who also had severe partial villous 
atrophy on biopsy. 


- 


_ Discussion 


These preliminary data do not support the concept 
of increased permeability of gut mucosa to food 
antigens in active coeliac disease. The evidence in 
support of this theory is circumstantial and rests on 
the demonstration of higher levels of food protein 
antibodies than normal in patients with coeliac 
disease’ 7 and increased absorption of molecules 
such as lactulose.“ However, other studies have 
shown reduced absorption of small molecules—such 
as polyethyleneglycol 400 and urea.” 13 The number 
of subjects in our study was small because of ethical 
constraints, but all were given equivalent amounts 
of antigen according to bodyweight and there were 
no apparent differences in absorption of 6-lacto- 
globulin and ovalbumin between children with 
damaged mucosa and those with normal mucosa. 
The levels were similar to those seen in our earlier 
study of dietary antigen absorption in term infants. 
Thus we are unable to confirm the notion that a 
damaged mucosa is more permeable to food antigens 
than a normal mucosa. In addition to mucosal 
permeability other factors—such as gut transit time, 
pancreatic function, local immunity, and the extent 
of the damaged mucosa—could theoretically influ- 
ence circulating concentrations of food antigens. 
However, we did not feel justified in measuring 
these other variables in the children. It seems likely 
that the serum concentrations observed were in 
the main a function of intestinal permeability to the 
antigens. 

The detection of food protein antibodies in coeliac 
disease does not necessarily imply markedly in- 
creased absorption of food antigens because the 
amount of antigen required to immunise by the oral 
route is very small. Such antibodies to food 
proteins could indeed be associated with decreased 
systemic absorption of these antigens if AAC form 
locally and deposition occurs within the gut wall. 

Further studies in animals have supported the 
concept that the mucosa with partial villous atrophy 
does not allow increased absorption of food antigens. 
We have studied rats infected with Nippostrongylus 
brasiliensis (which causes partial villous atrophy) 
and at the time of maximal mucosal disease there 
was no increase in the absorption of food proteins.16 

In the earlier studies it was shown that in healthy 
adults and children the physiological mechanism for 
clearing food antigens is by the formation of small 
IgA complexes.!” In the present study there were no 
significant changes in the levels of IgG, IgA, and IgM 


complexes measured by polyethylene glycol pre- 
cipitation, a method which detects the larger com- 
plexes which may be of more pathological signi- 
ficance.18 A direct assay of the antigen content of 
the AAC was not performed but increases seem 
unlikely in view of the low levels of AAC. This 
suggests that the AAC demonstrated in other studies 
of coeliac disease in remission and relapse!’ * may 
have been non-specific and that they did not neces- 
sarily contain food protein antigens. 


We are grateful for the advice and help given by 
Dr Roberto Paganelli who initially developed the 
food antigen assays. 


References 


1 Wilson S J, Walzer M. Absorption of undigested proteins 
in human beings. IV. Absorption of unaltered egg 
protein in infants and in children. Am J Dis Child 1935; 
50: 49-54, 

2 Peterson R D A, Good R A. Antibodies to cows’ milk 

proteins—their presence and significance. Pediatrics 

1963; 31: 209-21. 

Gruskay F L, Cooke R E. The gastrointestinal absorp- 

tion of unaltered protein in normal infants and in 

infants recovering from diarrhea. Pediatrics 1955; 16: 

763-9. 

Allan Walker W. Antigen absorption from the small 

intestine and gastrointestinal disease. Pediatr Clin 

North Am 1975; 22: 731-46. 

Taylor K B, Truelove S C, Thomson D L, Wright R. 

An immunological study of coeliac disease' and idio- 

pathic steatorrhoea. Serological reactions to gluten and 

milk proteins. Br Med J 1961; ii: 1727-31. 

Kivel R M, Kearns D H, Liebowitz D. Significance of 

antibodies to dietary proteins in the serums of patients 

with nontropical sprue. N Engl J Med 1964; 271: 769-72. 

Kenrick K G, Waiker-Smith J A. Immunoglobulins and 

dietary protein antibodies in childhood coeliac disease. 

Gut 1970; 11: 635-40. 

Paganelli R, Levinsky R J. Solid phase radioimmuno- 

assay for detection of circulating food protein antigens 

in human serum. J Jmmunol Methods 1980; 37: 333-41. 

Dambuyant C, Burton-Kee J, Mowbray J F. Demon- 

stration of two disease specific antigens in circulating 

immune complexes. Clin Exp Immunol 1979; 37: 424-31. 

1? Mancini G, Carbonara A O, Heremans J F. Immuno- 
chemical quantitation of antigens by single radial 
immunodiffusion. Immunochemistry 1965; 2: 235-34. 

il Menzies I S, Pounder R, Heyer S, ef al. Abnormal 
intestinal permeability to sugars in villous atrophy. 
Lancet 1979; H: 1107-9. 

n Chadwick V S, Phillips S F, Hofmann A F. Measure- 
ments of intestinal permeability using low molecular 
weight polyethylene glycols (PEG 400). H. Application to 
normal and abnormal permeability states in man and 
animals. Gastroenterology 1977; T3: 247-51. 

13 Fordtran J S, Rector F C, Locklear T W, Ewton M F. 
Water and solute movement in the small intestine of 
patients with sprue. J Clin Invest 1967; 46: 287-98. 

14 Roberton D M, Paganelli R, Dinwiddie R, Levinsky R J. 


» 


a 


~ 


} 


Milk antigen absorption in the preterm and term neonate. ’ 


Arch Dis Child 1982; 57: 369-72. 


466 Pitcher-Wilmott, Booth, Harries, and Levinsky 


1 Jarrett E E E, Haig D M, McDougall W, McNulty E. 
Rat IgE production. 0. Primary and booster reaginic 
antibody responses following intradermal or oral immu- 
nization. Immunology 1976; 30: 671-7. 

16 Reinhardt M C, Paganelli R, Levinsky R J, Pincott J, 
Harries J T. Intestinal uptake of antigens in rats main- 
tained on normal and protein deficient diets and infected 
with Nippostrongylus brasiliensis (abstract). Immuno- 
biology 1981; 160: 92. 

1? Brostoff J, Carini C, Wraith D G, Paganelli R, Levinsky 
R J. Immune complexes in atopy. In: Pepys J, Edwards 
A M, eds, The mast cell. London: Pitman, 1979: 380-93, 

18 World Health Organisation Scientific Group. The role of 
immune complexes in disease. Technical Report Series 
No 606. Geneva: WHO, 1977: 5-58. 


18 Mohammed I, Holborow E J, Fry L, Thompson B R, 
Hoffbrand A V, Stewart J S. Multiple immune complexes 
and hypocomplementaemila in dermatitis herpetiformis 
and coeliac disease. Lancet 1976; il: 487-90. 

™ Doe W F, Booth C C, Brown D L. Evidence for comple- 
ment-binding immune complexes in adult coeliac disease, 
Crohn’s disease, and ulcerative colitis. Lancet 1973; t: 
402-3. 


Correspondence to Dr R J Levinsky, Institute of 
Child Health, 30 Guilford Street, London WCIN 
1EH. 


Received 8 December 1981 


British Paediatric Association 


Annual meetings 
1983 12-16 April 
1984 10-14 April 
1985 16-20 April 
1986 15-19 April 


York University 
York University 
York University 
York University 


Archives of Disease in Childhood, 1982, 57, 461—4712 


Sleep apnoea in acute bronchiolitis 
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Royal Hospital for Sick Children and Department of Child Life and Health, Edinburgh; Department of 
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SUMMARY Three- to 4hour polygraphic sleep studies were carried out in 16 infants aged between 
1 and 6 months during and after recovery from acute bronchiolitis. During bronchiolitis 35% of 
total sleep time was active sleep compared with 31% after recovery. Respiration rate was increased 
during bronchiolitis and was higher in active sleep and quiet sleep irrespective of the stage of the 
illness. Apnoeic pauses were invariably shorter than 15 seconds, the mean duration for active sleep 
and quiet sleep being similar during infection and after recovery. Apnoeic episodes were central in 
type and generally mitiated by a sigh or body movements. Preapnoea heart rate was significantly 
higher than during or after apnoea. Apnoea index (the percentage of time the baby spends apnoeic), 
apnoea attack rate (the number of episodes of apnoea per unit time), and apnoea percentage (the 
distribution of episodes of apnoea while in a given sleep state) were increased significantly in quiet 
sleep during the index illness. Transcutaneous oxygen tension was significantly reduced during the 
course of infection, but comparable values were obtained in active sleep and quiet sleep during 
initial and recovery periods. These results show that the main changes in respiration pattern during 


the course of acute bronchiolitis occur in quiet sleep. 


Although apnoea has been studied extensively in 
preterm infants in the newborn period, there have 
been few studies!~* in infants beyond 40 weeks’ 
gestation. To a large extent these have stemmed 
from clinical and laboratory observations and 
suggest an association between prolonged sleep 
apnoea and the sudden infant death syndrome 
(SIDS).45 Breathing irregularities and apnoeic 
pauses occur during sleep in many apparently 
healthy infants and may be exaggerated by upper 
respiratory tract infections,® presumably owing to 
viruses. Prolonged apnoea has also been reported in 
infants with lower respiratory tract infections 
caused by respiratory syncytial virus.’ Moreover, in 
a study of viral infections in babies dying un- 
expectedly at home and diagnosed as cot deaths, 
this virus was the one most often detected at 
necropsy.® In the light of these findings and the 
observation that previous admission to hospital is 
a significant antecedent of SIDS, we set out to 
study sleep apnoea and its effect on heart rate and 
transcutaneous oxygen tension (IcPo,) in infants 
admitted to hospital with viral respiratory tract 
infections. We report here our findings in 16 infants 
with acute bronchiolitis who were investigated 
during and after recovery from this infection. 


Patients and methods 


Twenty-two infants were studied during the course 
of acute bronchiolitis and 16 after clinical recovery. 
Six of the original 22 were later excluded from the 
study, 4 because of persisting symptoms at follow-up 
and 2 because of failure to attend. There were 10 
boys and 6 girls of mean gestational age 38-5 (range 
32-42) weeks and mean birthweight 3-01 (range 
1-56-4-62) kg, whose mean age was 17 (range 7-34) 
weeks when initial studies were done. The diagnosis 
of acute bronchiolitis was made on clinical grounds. 
The infants were studied breathing air, which in 
many cases restricted the time of studies to a stage 
of ulness when oxygen therapy was no longer 
considered necessary. The mean duration of 
illness, from the start of coryzal symptoms, was 7 
(range 3-10) days at the first study and the 
mean interval between studies was 26 (range 
18-39) days. Respiratory syncytial virus was 
isolated in 9 and adenovirus in 1 of the 16 infants. 
Virological studies were negative in the remaining 
six. Consent for participation in the study was ob- 
tained from parents after giving them a detailed 
explanation of its purpose and a description of the ` 
techniques. 
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Monitoring procedure. Studies were carried out after 
the last evening feed, generally between midnight 
and 0400 hours. For follow-up investigations, 
infants were readmitted between 1400 and 1500 
hours on the preceding afternoon and, if practicable, 
mothers were admitted too. The infants were 
monitored in a dimly-lit side room off the main 
ward, especially equipped for sleep studies. The 
home environment was imitated as closely as 
possible. Mean ambient temperature was 23°C 
(range 22-24). Electrodes were placed in position 
after a feed when the infant had settled and nasal 
thermocouples and transcutaneous oxygen electrodes 
applied during periods of quiet sleep (QS). Each 
baby was placed lightly clothed and unrestrained in 
his normal sleeping position. Constant observation 
was possible throughout and body movements or 
interventions were recorded on polygraphic paper. 
A detailed clinical examination was also carried out. 

Silver chloride electrodes (81/9 SLE) were used 
for EEG, EOG, EMG (C50-S Medicotest), and 
ECG (1-1000 Roche). The electroencephalogram 
(EEG) was recorded from two electrodes placed 
sagittally in the frontal and parietal regions (Fz-—Pz). 


The electro-oculogram (EOG) was recorded from ° 


two pairs of diagonally arranged electrodes situated 
adjacent to the outer canthus of each eye, the 
electromyogram (EMG) from one pair of electrodes 
in the submental area, and the electrocardiogram 
(ECG) from electrodes placed on the left and right 
sides of the chest anteriorly and on the right leg. 
Airflow at each nostril and the mouth was detected 
using thermocouples and a summation signal 
recorded. Movements of the chest and abdomen 
were recorded from two pairs of magnetometer 
coils (Cambridge Ltd) attached laterally above and 
below the costal margins. TcPo, was monitored 
with an oxygen electrode placed on the anterior 
chest wall at an operating temperature of 43°C and 
the signal recorded on a 2-channel recorder (Draeger 
Medical Ltd). The electrode was calibrated in air 
before and after each study, or after a maximum of 
4 hours in one position. Mean electrode drift during 
the study period was +1-5%/hour. 

Each of the variables monitored was recorded, 
after amplification of the electrical signal, on an 
8-channel recorder (Mingograf) at a paper speed of 
10 mm/second. Sections of recording in each sleep 
state were studied at a rate of 100 mm/second in 
order to observe EEG changes more closely. 
Permanent records were thus available for EEG, 
EOG, EMG, ECG, airflow at nose and mouth, 
chest, and abdominal movements, and TcPog,. 


Data analysis. Each 30-second period (1 epoch) of 
the record was analysed visually and coded by one 


trained observer (V B). The coding criteria were 
based on the definitions suggested by Anders et al.’ 
and on those of Rechtschaffen and Kales. The age 
range of the subjects was such that in some infants 
the transition between perinatal and the ‘infantile’ 
sleep pattern! might not have been completed. 
Individual proportions of the EEG frequencies and 
amplitudes during the sleep stages were used rather 
than absolute limits. Respiration, the variable under 
study, was omitted from the criteria of the sleep 


stages. 


Awake 

EEG irregular mixed pattern or rhythmical com- 
ponents in the theta range. High tonic submental 
EMG. Blinks and other eye movements. General 
EMG artefacts suggesting a sustained or repeated 
motor activity. 


Quiet sleep (QS) 

EEG high voltage slow pattern or sleep spindles. 
Tonic submental EMG. No blinks or rapid eye 
movements (REM). No general motor activity. 


Active sleep (AS) 

EEG mixed pattern including medium voltage slow 
or low voltage fast frequencies. No spindles or K 
complexes. Absent or phasic submental EMG. 
REM, brief general movements. 


Intermediate sleep (IS) 
Epochs in which the criteria for awake, QS, or AS 
are not fulfilled. 


The respiration rate and heart rate were counted 
during the fourth, middle, and last minutes of con- 
tinuous sleep for QS and AS. If for any reason the 
respiration rate and heart rate could not be counted 
at these times, the fifth or adjacent minute was 
counted instead. Mean respiration rate and heart 
rate for each sleep state during and after recovery 
from bronchiolitis were then computed for each 
patient. 

Apnoeic pauses were defined as periods of no 
airflow at the nostrils or mouth for at least 6 seconds. 
Episodes of both central and obstructive apnoea 
were measured from the end of the last breath to 
the start of the next from thermocouple tracings. 
Associated body movements were also noted. For 
each sleep state the mean duration of apnoeic 
pauses was calculated and the apnoeic episode of 
longest duration noted. 

Indices of apnoea were assessed for apnoeic 
pauses 336 seconds. Apnoea index was defined as 
the duration of apnoea (seconds) during a given 


A: 


sleep state, divided by the total duration of that 
sleep state, expressed as a percentage. Apnoea 
attack rate was the number. of apnoeic episodes per 
100 seconds of a sleep state, and apnoea per cent 
as the percentage of epochs during which at least 
one apnoeic pause was initiated. Finally, the 
percentage of total time in each sleep state was 
calculated. Each variable was calculated for each 
sleep phase during and after recovery from infection. 
The analysis was then repeated for episodes of 
apnoea =œ2 seconds. 

‘ Heart rate was also computed in relation to 
episodes of apnoea. The number of complete beats 
(R-R intervals) within a 6-second period was 
counted and timed to the nearest 0-1 second for 
pre- and postapnoea periods and heart rate per 
minute calculated. The number of complete beats 
within an apnoeic period and the duration of beats 
to the nearest 0-1 second were also counted and 
the heart rate computed. Variability was tested by 
selecting representative parts of the record and 
measuring heart rate (as above) over 3 consecutive 
6-second periods if there was no apnoea. 


TcPo, records. To compare TcPo, during and after 
recovery from infection, the mean TcPo, during 10 
minutes of continuous sleep occurring during the 
second hour of each study was computed for QS and 
AS. If there were no 10-minute periods of AS, the 
longest periods were chosen instead. 

We also observed TcPo, in relation to sleep phase 
in individual subjects. Adjacent pairs of QS and AS 
periods were identified on each record. These were 
defined as sleep periods greater than 4 minutes’ 
duration with -no intervening ‘awake’ period and 
between which any indeterminate sleep was less than 
3 minutes’ duration. Minute by minute TcPo, was 
noted from the beginning of the fifth minute and 
mean values computed for each sleep state. 

TcPo, changes in relation to episodes of apnoea 
510 seconds were assessed by comparing the 
lowest TcPo, in the 15 seconds before apnoea with 
the lowest in the 15 seconds after resumption of 
breathing. . 


Table 1 Respiration and heart rate in bronchiolitis 
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Statistical analysis. Respiration and heart rates 
were computed in relation to sleep state before and 
after recovery from bronchiolitis by analysis of 
variance. The Wilcoxon matched pairs signed rank 
test was applied to results for the 16 patients before 
and after bronchiolitis. Each group was further 
subdivided according to sleep state. The Spearman 
rank correlation coefficient was used for testing 
the relationship of the amounts of sleep stages and 
the age. The paired ¢ test was used to compare 
TcPo, during AS and QS in individual patients. 


Results 


Table 1 gives the respiration and heart rates during 
and after recovery from acute bronchiolitis in both 
AS and QS. Respiration rate was significantly 
higher during bronchiolitis in both sleep phases. 
Respiration was also higher in active than quiet 
sleep, irrespective of the stage of the illness. Similarly, 
heart rate was significantly increased during active 
sleep, but was lower during bronchiolitis than after 
recovery. During bronchiolitis 35% of total sleep 
time was AS, compared with 31% after recovery 
(P<0-05). QS was slightly increased after recovery, 
but this did not reach statistical significance. There 
was no significant difference in the percentage of thé 
indeterminate sleep during illness and on. recovery. 
A significant negative correlation was found between 
the individual percentages of AS and the age.of the 
infants in weeks, both in the first and second 
recordings (P<0-01). A significant positivé cor- 
relation was obtained between the individuai 
percentages of QS and the age, both during the 
illness and after the recovery (P<0-01). 

Apnoeic pauses were invariably shorter than 15 
seconds. The mean duration of apnoeic pauses was 
similar for AS and QS when acute and recovery 
data were compared, with no difference between 
AS and QS regardless of the stage of illness. Similar 
results were obtained for the apnoeic episode of 
longest duration. Table 2 gives the results for apnoea 
index,.apnoea attack rate, and apnoea per cent. These 
were increased in each sleep phase in bronchiolitis, 








Respiration rate* Heart ratet 
During Recovery Mean During l Recovery _ Mean 
Active aleep 33-4 31-2 32-3 114-0. 119-6 116-9 
Quiet sleep 29-6 26-5 27-9 -110-1 112-6 111-5 
‘Mean , 31-4 28.9 30-1 112-1 116-3 114-2, 2 


TT ee a ee hae ee 
*Standard error is 0-87 for each mean value. Respiration rate is significantly increased during infections (P<0-01), and during active 


sleep (P<0-01)—sinalysis of variance. 


dard error ts 1-35 for each mean valuo. Heart rate is significantly higher after recovery (P<0-01), and during active sleep 


(P<0-01)—-analysis of variance.- 
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Table 2 Apnoeic index, apnoeic attack rate, and apnoeic per cent during and after recovery from bronchiolitis 


Apnoeic index Apnoeic attack rate Apnoelc per cent 

During Recovery During Recovery During Recovery 
Active sleep 0-69 0-36 NS 0-09 0-06 NS 2°9 1-6 NS 
Quiet sleep 0-35 0-34 P<0-02 0-11 0-04 P<9-01 2-6 1-3 P<0-05 
Intermediate sleep 0-99 0-79 NS 0-14 0-07 NS 3-1 2-3 NS 
Total 0.71 0-39 P<0-05 G-13 0-05 P<6-05 2-8 1-8 NS 


the most significant increases being in QS. Com- 
parable results for these variables were obtained 
when data was reanalysed for apnoea episodes 52 
seconds. 

There were 215 apnoeic episodes 56 seconds 
(central 212, obstructive 2, mixed 1). Central 
episodes started at end expiration. The onset was 
spontaneous in 72 (34%), or followed a sigh in 108 
(51%), or followed body movements in 32 (15%). 
The percentage of the apnoeic episodes initiated by a 
sigh or movement was 83% in QS, 34% in AS, and 
68% in IS. One hundred and thirty-eight (64%) 
apnoeic episodes ended spontaneously and 74 (35 %) 
with associated movement. Preapnoea heart rate 
was significantly higher than during (P<0-05) or 
after apnoea (P<0-05) heart rates. Heart rate rarely 
fell below 80 beats per minute, the lowest recorded 
value being 71 per minute after an apnoeic pause of 
6-7 seconds. No difference was observed between 
heart rates computed over 3 successive 6-second 
periods which did not include apnoeic pauses. 
Finally, there was no significant relationship 
between heart rate (pre-, during, or postapnoea) and 
the total duration of apnoeic pauses. 

TcPo, in AS was 61-5+-10-6 mmHg during and 
77-94+8-9 mmHg after recovery from bronchio- 
litis (P<0-001). TcPo, was also significantly 


reduced in QS during bronchiolitis (P<0-001). — 


Paired comparison of mean TcPo, for QS and AS 
in individual patiénis showed no difference during 
infections or after recovery. When apnoeic episodes 
of 10-15 seconds’ duration were studied individually, 
the maximum fall in TcPo, after apnoea was 
4 mmHg. When all 16 such episodes were considered, 
there was no difference between pre- and post- 
apnoea TcPo,. 


Discussion 


These results present an opportunity to discuss 
patterns of breathing during and after recovery from 
bronchiolitis and to speculate on their importance 
in relation to SIDS. Our patients were slightly to 


moderately affected and were studied during the — 


Jatter days of illness before discharge. Perhaps for 
this reason we did not encounter prolonged episodes 


of apnoea such as herald the onset of bronchiolitis 
in a few infants, especially those of low birthweight.’ 
The increases in respiration rate and heart rate in 
AS compared with QS agrees with the known 
relationships in normal subjects. The highly signi- 
ficant relationship between the relative amounts of 
AS and QS and the age of the infants, suggests that 
the decreased amount of AS found on recovery is 
primarily related to normal maturation and tkat 
other possible factors (such as a regression of the 
sleep pattern during the illness, or an incomplete 
adaptation during the second recording) are 
negligible. 

During the course of bronchiolitis apnoeic pauses 
did not exceed 15 seconds, which compares with the 
findings in normal term infants in the early months of 
life. When apnoeic episodes between 6 and 15 seconds 
were observed in paired studies, their mean duration 
and episodes of longest duration were similar. It 
seems unlikely therefore that hypoxaemia during 
bronchiolitis had influenced the duration of apnoea, 
which contrasts with findings® in the newbern 
period where apnoea and periodic breathing have 
been shown to increase as a result of hypoxaemia. 

Several investigators use the terms apnoea index, 
apnoea attack rate, and apnoea per cent in their 
analysis of respiratory patterns.174% Unfor- 
tunately the duration of apnoea upon which calcu- 
lation of these variables is based varies from one 
study to another. Normal values vary with age and 
maturity*4 and the length of sleep studied.* Limited 
sleep studies of <4 hours may underestimate their 
values compared with 12-hour studies. For these 
reasons, we did not relate our findings to ‘normal’ 
data, but compared the results obtained during 
bronchiolitis with those after recovery. Apnoea 
index, apnoea attack rate, and apnoea per cent were 
all increased significantly in QS but not in AS during 
the course of infection. It is not known whether the 
frequency or duration of apnoeic episodes or an 


‘increase in the above variables increase the risk -of 


SIDS. It has been suggested that infants susceptible 
to prolonged sleep apnoea and possibly to SIDS have 
an increase in respiratory pauses exceeding 6 seconds 
compared with controls.13 Studies in ‘near miss’ for 
SIDS infants have shown an increase in prolonged 


sleep apnoea,“ obstructive apnoea, and an ex- 
cessive amount: of periodic breathing!® compared 
with matched controls. 

TcPo, was lower during bronchiolitis than after 
recovery in each case. This is consistent with 
observations on arterial hypoxaemia in acute 
bronchiolitis. However, the findings that TcPo, was 
similar in AS and QS both during and after 
bronchiolitis contrasts with findings!? in the new- 
born period when TcPo, is lower in AS. 

SIDS occurs most often during sleep and there 
has been speculation concerning the sleep phase 
during which death might occur. It is not known 
whether the infant is more vulnerable during AS or 
QS. The mechanisms underlying respiratory dis- 
turbance during sleep are unlikely to be defined 
without knowledge of the normal behaviour of the 
respiratory control system during sleep. This has 
been investigated systematically in dogs? where it 
has been shown that in QS ventilation is regulated by 
the ‘automatic’ respiratory control system (chemical 
inputs and respiratory reflexes), whereas breathing 
movements during active sleep are fairly insensitive 
to classical respiratory stimuli with the exception of 
hypoxaemia. This suggests that the mechanism of 
apnoeic episodes in QS and AS might be different. 
In studies of experimental hypoxia in kittens,” it has 
been shown that hypoxiareduces theproportionof AS 
to QS. It is argued that the kitten is more vulnerable 
to hypoxia during QS and, by extrapolation, it is 
suggested that SIDS in infancy is more likely to occur 
in this phase of sleep. Other investigators,” have 
inferred that vulnerability is greatest in AS. 

The most significant changes in our patients 
occurred in QS. It may be that stretch receptor 
stimulation in the lungs during the course of 
bronchiolitis had an inhibitory effect on respiration 
in QS leading to an increase in apnoea. A reflectory 
component of the apnoeas might also explain the 
fact that the number did not increase during AS. 
The inflation reflex, like many others, seems to be 
inhibited®™ during this phase of sleep. An inter- 
action. between the metabolic and behavioural 
control of breathing has been suggested!’ for the 
origin of periodic breathing often seen in drowsiness 
and light non-REM sleep. A new adjustment of the 
breathing contro] has to be postulated also for 
transient wakenings from QS. A higher incidence 
of apnoeic pauses or other irregularities can be 
expected on these occasions, particularly at an age 
when maturation of the mechanism underlying QS 
has not been completed. In our subjects many 
apnoeic episodes in QS and IS were initiated by a 
sigh or movement, behavioural signs suggesting a 
change of state or possibly a response to a stimulus. 
In addition, the periods of IS which can be expected 
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to occur during a transition from one stable state 
to another showed a higher incidence of apnoeic 
episodes than in either QS or AS. 

It seems therefore that bronchiolitis (in the 
degree studied) increases physiological ‘weak-spots’ 
in breathing but is not a major cause of transition 
from a physiological to pathological apnoea. It is 
tempting to speculate that in certain infants this 
causes an increased vulnerability, perhaps during 
IS or QS, which may be decisive if there is an 
associated difficulty in ventilatory control as has 
been suggested™* in victims of SIDS. 


Statistical and computer facilities -were made 
available in the Medical Computing and Statistics 
Unit of Edinburgh University. 
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Short reports 


Growth retardation in asthma: role of calorie deficiency 


J J COGSWELL AND M M EL-BISHTI 


Poole General Hospital, Dorset, and Department of Paediatrics, Guy’s Hospital 


SUMMARY Height and weight were recorded and 
nutrient intake assessed during a 1-year period in 8 
short asthmatic children who subsequently received 
energy supplements for a further year. None re- 
ceived systemic steroids. Total energy intakes in 6 of 
the children were reduced but no relationship 
between intakes and linear growth was found. Linear 
growth performance did not improve despite the 
fact that energy intake was normalised by supple- 
mentation, although some children showed an 
accelerated weight gain. We suggest that calorie 
supplementation is not effective for promoting opti- 
mal linear growth in short asthmatic children. 


Children with chronic asthma may show growth 
retardation! ? and this effect is accentuated by pro- 
longed systemic administration of corticosteroid 
drugs.? Severe growth retardation is restricted to a 
small group of asthmatic children with severe chest 
deformity and persistent airways obstruction.4 The 
causes of growth inhibition in children with chronic 
asthma not receiving steroids are unknown. Chronic 
hypoxaemia and poor appetite have been suggested ê 
but the role of calorie deficiency has not been 
studied. 

The purpose of this study was to examine whether 
growth velocity in a group of asthmatic children was 
related to nutrient intake, and whether an increase of 
energy intake by dietary supplements would affect 
growth performance. 


Patients and methods 


Eight prepubertal asthmatic children were studied. 
There were 7 boys who were on or below the 3rd 
centile for height and one girl whose height was just 
above the 3rd centile. 

The clinical severity of the children’s asthma was 
variable: 6 had severe asthma, with more than one 
wheezy episode weekly during the preceding year. 
All 6 had rhonchi and reduced peak expiratory flow 


rates (—2 SDs below mean for height) between. 


exacerbations, and all had missed some schooling 


despite prophylaxis with inhaled beclamethasone. 
The remaining 2 children had mild intermittent 
asthma with fewer than one wheezy episode a week 
in the preceding year, normal respiratory function 
between attacks, and no missed schooling. None of 
the 8 children received oral corticosteroid drugs 
either before or during the study. 

The children were observed for one year. Height 
(using a Harpenden-stadiometer) and weight (using 
a beam balance) were measured every 3 months by 
the same observer. Height age was calculated from 
the data of Tanner et al.” ® Height velocity in.cm/year 
was expressed as number of standard deviations 
(SDs) from the mean in relation to chronological age. 

Dietary intakes of total energy and protein were 
assessed from prospective 3-day weighed records 
performed by the parents at home every 3 months. 
No supervision of the diet in the home was at- 
tempted. Nutrient intakes were calculated from the 
diet records using standard tables’? and expressed as 
percentages of recommended daily allowances 
(% RDA) for height age of the child.® 

For a further year, the children’s diet was sup- 
plemented with varying amounts of energy sup- 
plement based on a glucose polymer.* No fixed 
amount was given but parents recorded the quantity 
taken. The dietary intakes during the second period 
were recorded and analysed as during the first. 


Results 


Clinical data and growth data are shown in Table 1. 
Height velocity was reduced in 6 of the 8 asthmatic 
patients in the first period, and did not alter signifi- 
cantly (t = 1-049; paired ¢ test) in the second period 
during energy supplementation. 

Weight velocity increased in 4 of the 8 children 
after supplementation but this did not reach statisti- 
cal significance (f = 1-162; paired ż test). 

Mean nutrient intakes of total energy and protein 
in absolute amounts, and as percentages of recom- 
mended daily allowance (RDA) for children of the 
same height during first and second periods: are 


*Caloreen. Roussel Laboratories Ltd, London. 


473 


474 Cogswell and El-Bishti 


Table 1 Growth data for patients during the first period compared with the energy supplementation period 





At start of study First period Second period (energy supplemented) 

Case Age Sex Height Weight Height velocity Weight velocity Height velocity Weight velocity 
(years) (cm) (kg) (SD score) (kg/year) (SD score) (kg/year) 

1 7.1 M 109 15 +0.38 2-1 +0-79 0-7 

2 9-4 M 120 22-5 0.52 1-6 +1-01 4-0 

3 3:6 F 91-4 12-4 EPAL: 1-0 —0-95 1-6 

4 6-3 M 107 16-9 — 0+ 54 1-1 —2-56 0-9 

5 12-5 M 136 26 -1.25 2:3 —2-11 4-9 

6 14-5 M 103 15-6 -0-93 1.5 —1-3 21 

7 9-1 M 123 21-4 -0.79 1-9 —1-5 1-4 

8 9 M 121 22-3 0. 52 1:9 —2.52 2.3 

Mean + 8-9 + — 113-8 + 19-01 + 0.57 + 1°67 + —1-14 + 2:24 + 

18D 3.4 13-9 4-7 1-05 0:46 1-38 1-4 





Table 2 Mean nutrient intake of patients during the first period compared with the energy supplementation period 





First period Second period (energy supplemented) 

Total energy Protein Total enerzy Protein 

Case Kcaljday % RDA giday %RDA Kcaijday % RDA g/day % RDA 

I 1359 78-1 35-9 83-4 1619 93 34 79-1 

2 1240 62-6 38 TT.3 1793 90-5 52-4 106-9 

3 1541 102 36-4 98+3 1438 95-8 33-3 90 

4 1656 83 49.3 114-6 1873 107-6 53.8 125 

5 1285 56 45-9 8-5 2461 107-9. 73.9 129-6 

6 1694 108-5 58-3 135-5 1974 113-4 61-3 143 

7 1587 80 63-5 129-5 1764 89-1 52-3 106-7 

8 1683 85 45-2 92+2 1897 95-8 46 93-8 

Mean 4 ' 1505 + 81-9 + 46-5 + 101-4 + 1852 + 99-1 + 50-9 109-3 + 
1 SD 184 17-6 10-2 22-5 298-8 9.1 13-3 21-8 





RDA «= recommended daily allowance. 


shown in Table 2. Before energy supplementation 6 
of the 8 children had reduced total energy intake 
(mean 82% RDA) but protein intake was normal 
(mean 101% RDA). After energy supplementation 
mean energy intake increased significantly compared 
with the first period (f = 2-75 P<0-05; paired ¢ 
test). No significant difference was found in protein 
intake between the two study periods (¢ = 0-978; 
paired ¢ test). 

No statistically significant correlation was found 
between height velocity and either energy or protein 
intake during the first or second period. Similarly, 
there was no significant relationship between weight 
velocity and nutrient intakes during either period. 


Discussion 


The causes of poor growth in asthmatic children are 
unknown. Possibilities include hypoxia,? and nu- 
tritional inadequacy. Since no previous studies on the 
nutritional status of asthmatic children had been 
reported, this study was designed to assess the nu- 


tritional intake in a group of short asthmatic children. 
A second objective was to examine the relationship 
between energy intake and growth performance in 
asthmatic children. 

Our results have shown that the mean energy in- 
take in half of the patients was below that recom- 
mended for height age. Despite this reduction in 
energy intake no clear association could be estab- 
lished between growth velocity and energy’ intake. 
We were able to increase with supplementation the 
mean energy intake from 82% RDA in the first 
period to 99% RDA in the second period. Never- 
theless, this energy supplementation had no effect on 
linear growth velocity, but did result in accelerated 
weight gain in 4 of the 8 asthmatic children. 

Although the number of patients in this study was 
small, the evidence suggests that stunting of growth 
in asthmatic children not taking systemic corti- 
costeroids is unlikely to be due to energy deficiency. 
Calorie supplementation is not an effective way to 
promote optimal linear growth in short asthmatic 
children. 


- will 
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Effect of a rocking bed on apnoea of prematurity 


S J TUCK, P MONIN, C DUVIVIER, T MAY, AND P VERT 
Service de Médecine Néonatale, Maternité Universitaire, Nancy, France 


SUMMARY We describe a rocking bed for use in 
incubators. Its effect was studied in 12 preterm 
infants with idiopathic apnoea, using each as his 
own control. All but one had less apnoea when the 
bed was rocking than when it was still. Apnoea 
associated with a significant fall in transcutaneous 
Po, was less frequent, and fewer interventions were 
needed to terminate apnoeic attacks. 


Various forms of repeated sensory stimulation— 
such as tactile stimulation or the use of irregularly 
oscillating waterbeds—can reduce apnoea in pre- 
term infants. This approach to the management of 
recurrent apnoea avoids the potential hazards of 
treatment with continuous positive airways pressure 
(CPAP) or methylxanthines. 

We have constructed a bed which imparts a 
regular cephalo-caudal rocking moyement, not 
exceeding 3° in either direction, in the hope of 
preventing apnoeic attacks by vestibular stimulation. 


The apparatus 


The rocking bed consists of a rectangular aluminium 
tray, mounted on pivots near the midpoints of its 2 
longer sides. The regular rocking movement is 
obtained by alternate inflation and passive deflation 
of a small bellows beneath one end of the tray. The 
bellows 1s connected by a tube to a control unit 


~ 


beside the incubator. This contains a reservoir of 
compressed air, maintained by an electric pump, 
and a valve through which the bellows are auto- 
matically connected in turn to the reservoir, for 
inflation, and to the atmosphere, for deflation. 
Variable resistances are included in both parts of 
the circuit, so that inflation time and deflation time, 
as well as the cycle rate, can be altered separately. 


Patients 


We studied 12 infants with recurrent apnoea for 
which no neurological, metabolic, or infective 
cause could be found. All had had at least 3 episodes 
of apnoea (>12 seconds) with bradycardia (<100/ 
minute) in the preceding 24 hours, or 2 in the pre- 
ceding 6 hours. Gestation ranged from 26 to 32 
(mean 29-5) weeks, birthweight from 800 to 1700 
(mean 1210) g, and postnatal age from 2 to 45 (mean 
14) days. In no case did the sum of gestational and 
postnatal age exceed 34 weeks. 

Four infants were receiving added oxygen 
(F,0,<0-34). Only one had received theophylline, 
5 days previously. 


Methods 
Each infant was studied for two consecutive equal 


periods. The bed was rocking during one, and was 
still during the other, the sequence being randomly 
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determined. Transcutaneous Po, (TcPo,) (Helliger 
transoxode), heart rate, and impedance pneumogram 
(Hewlett Packard-monitor) were recorded through- 
out (Bryans B5316 multichannel recorder). For the 
10 enterally-fed babies, recording began at the time 
of gavage: both study periods Jasted 6 hours for 8 
infants fed 3-hourly, and 8 hours for 2 infants fed 
4-hourly. The other 2 babies were each studied for 
two consecutive 4-hour periods. 

The infants’ position was not changed from prone 
to supine, or vice-versa, but otherwise they were 
nursed as usual. Inspired oxygen concentration 
(F,0,) and rectal temperature were recorded hourly 
and kept as constant as possible. One of us (SJT or 
TM) remained beside the infant to ensure satis- 
factory recordings, and to document any active 
intervention to terminate apnoeic attacks, but we 
tried to avoid influencing nursing care. 

For analysis, apnoea was defined as cessation of 
respiratory movements >12 seconds. This arbitrary 
period was chosen for ease of measurement at the 
paper speed used. TcPo, recordings were not 
perfectly continuous, because of elective reposition- 
ing, and occasional accidental detachment, of the 
electrode. If apnoea occurred when TcPo, recording 
was unsatisfactory, all TcPo, data for that infant 
_ were discarded. Statistical significance was assessed 
using Wilcoxon’s signed rank sum test for paired 
samples. 


Results (Table) 


In 6 cases the control period preceded rocking; in 6 
rocking preceded control. Results were similar for 
the two groups. The rate of rocking, constant for 
each individual, ranged from 10 to 22 (mean 16-5) 
cycles/minute, but showed no correlation with 
results observed. There were no significant differences 


in rectal temperature or F,O during rocking and 
control periods. 

The total number of apnoeic episodes varied con- 
siderably between individuals; <10 for six infants, 
between 10 and 20 for four, and between 21 and 62 
for two. One baby had a single, severe, apnoeic 
attack, which occurred when the bed was rocking. 
Otherwise all had less apnoea when the bed was 
rocking than when it was still. Apnoea with brady- 
cardia, and bradycardia without cessation of 
respiratory movements, were also significantly 
reduced during rocking. 

TcPo, recordings were satisfactory for 9 infants. 
During rocking, there were fewer apnoeic attacks in 
which TcPo, fell by more than 10 mmHg, and 
fewer in which TcPo, fell below an arbitrary 
absolute level of 50 mmHg. 

Six infants had apnoeas terminated by extra 
stimulation; for all but one such interventions were 
fewer during rocking. Overall there were 28 inter- 
ventions when the bed was still, compared with 6 
during rocking. 


Discussion 


Recurrent apnoea in preterm infants is associated 
with considerable mortality and risk of handicap. 
CPAP and methylxanthines (aminophylline, theo- 
phylline, caffeine) are effective in reducing apnoea, ? 
but have not yet clearly been shown to improve 
long-term outcome. Furthermore, concern about 
their potential side effects? * may lead to reluctance 
to institute treatment, especially in ‘mild’ cases— 
(R A K Jones, 1981, personal communication). 
Less apgressive management, based on sensory 
stimulation, presents certain practical difficulties. 
Tactile stimulation’ has a useful effect, but is costly 
in nursing time. Vestibuloproprioceptive stimulation 


Table Effect of rocking on the incidence of apnoea and bradycardia 


Event Total no of No of infants for whom event Statistical significance 
events recorded of change in 
anaa 6 d L Was Was more frequent number of events” 
Rocking Control recorded unchanged - - 

(frequency In In 
not rero) rocking period  coatral period 
Apnoca (>12 seconds) 69 119 i2 Q i 11 <0-091 
Apaoea with bradycardia 58 101 © i2 2 i 9 <0-01 
(< 100/min) 

Bradycardia without cessation of t 

respiratory movements 12 25 10 1 1 g <0-02 

Apnoea with : : 

fall in T > 10mmHg 44 71 9t 0 1 8 <0-01 
Apnoea with in TePo 

to below 50 mmHg 17 Si of 0 i 8 <0-605 
Apnoea requiring additional . 

stimulation 6 28 6 0 1 5 <0-05 


*Wilcoxon’s rank sum test for paired samples, {TcPo, recordings unsatisfactory for 3 infants. 
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from irregularly oscillating waterbeds appears to 
reduce apnoea, althougb regularly oscillating 
waterbeds may be less effective.” Documented 
hazards of waterbeds include hypothermia, and the 
risk of accidental puncture. The rocking bed avoids 
these, and although there might have been problems 
with vomiting, no baby vomited during the study, 
nor has any done so in ordinary clinical use. 

In this preliminary study, rocking appeared to 
diminish the frequency of apnoeic attacks, including 
those associated with hypoxia, and to reduce the 
need for active intervention to re-establish respira- 
tion. Bradycardia without cessation of movements 
on the impedance pneumogram (which may some- 
times have been due to obstructive apnoea) was 
also less common. The rocking bed may prove 
helpful in the management of recurrent apnoea of 
prematurity. 
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Percutaneous alcohol absorption and skin necrosis in a preterm infant 


V HARPIN AND N RUTTER 


Department of Neonatal Medicine and Surgery, City Hospital, Hucknall Road, Nottingham .| 


SUMMARY A 27-week gestation infant developed 
severe haemorrhagic skin necrosis on the back and 
buttocks after umbilical arterial catheterisation. 
Before catheterisation the skin was cleaned with 
methylated spirits. A blood alcohol level taken 18 
hours after catheterisation showed a blood ethanol 
level of 259 mg/100 ml and a blood methanol level 
of 26 mg/100 ml. We conclude that the methylated 
spirits caused this extensive skin damage and that 
percutaneous absorption via the readily permeable 
skin of this immature baby resulted in the danger- 
ously high alcohol levels. 


The keratinised stratum corneum which gives adult 
skin its barrier properties, begins to develop in the 
seventh month of fetal life. The thin poorly kera- 
tinised skin of a preterm baby is therefore an 
ineffective barrier and percutaneous absorption of 
toxic compounds—such as aniline dyes! and 
hexachlorophane*—has been well documented. 
Damage to the skin itself has been reported in 


association with umbilical arterial catheterisation. 
It has been suggested that this might be due to 
vascular obstruction? or to local toxic effects of 
cleansing solutions* used to prepare the skin before 
catheterisation. We report a very immature baby 
who was shown to have dangerously high blood 
alcohol levels after skin cleansing with methylated 
spirits and who developed extensive skin meee of 

the type previously reported. 


Case report 


Twenty-seven week gestation twins were born to a 
healthy, 26-year-old mother who had had one 
previous normal pregnancy. The membranes had 
ruptured at 22 weeks’ gestation. 


Twin 1. The first, a boy weighing 865 g, was born by 
difficult breech delivery. Pulsation of the cord ceased 
sometime before delivery. The baby was asphyxiated 
at birth and did not respond to resuscitation. He 
died aged 2 hours 20 minutes. 
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Twin 2. The second, a girl weighing 985 g, was also 
born by breech delivery but needed no resuscitation. 
Soon after birth she began to develop signs of 
respiratory distress. At age | hour a 4 FG umbilical 
arterial catheter (Searle Life Support Systems, High 
Wycombe, Buckinghamshire) was inserted. The 
baby’s skin was cleaned with industrial methylated 
spirits. The procedure was prolonged but a catheter 
was eventually inserted successfully and an x-ray 
film showed the tip to be about 1-5 cm above the 
diaphragm. At 6 hours the baby needed 40% 
oxygen and was having frequent apnoeic episodes. 
In view of the prolonged rupture of membranes an 
infection screen was performed and intravenous 
penicillin, gentamicin, and aminophylline were 
started. The infection screen included a lumbar 
puncture for which further skin cleaning with 
methylated spirits was required. At this time skin 
lesions were noted in the right lumbar region and 
the arterial line was removed because of possible 
ischaemia. At age 12 hours the baby was intubated 
and started on 4 cm continuous positive airways 
pressure (CPAP). By this time the haemorrhagic 
skin lesions had extended to both lumbar regions 
and buttocks. The plum coloured, damaged area 
had a distinct edge (Figure) and one small central 
region broke down leaving a raw area. The legs and 
feet were bruised as a result of the delivery but 
developed no further lesions. At age 21 hours 
intermittent positive pressure ventilation (IPPV) was 
begun for apnoea. At 48 hours the baby, who had 
been stable for some hours on the ventilator, 
suddenly collapsed. The electrocardiogram monitor 
showed ventricular fibrillation. Resuscitation was 
unsuccessful. In view of the gross haemorrhagic skin 





Figure The baby aged about 20 hours. 


lesions a blood alcohol level was measured at age 
19 hours (gas liquid chromatography). The blood 
ethanol level was 259 mg/100 ml and the blood 
methanol level 26 mg/100 ml. No ethanol or 
methanol was used to clean the skin before Sampling. 
A blood sample at necropsy showed levels of 64 
mg/100 ml (ethanol) and 6 mg/100 ml (methanol). 
A post-mortem sample on the first twin contained 
no detectable alcohol. Regular Dextrostix and a 
blood glucose analysis were normal and there was 
no severe metabolic acidosis (lowest arterial pH 
7-15). Post-mortem examination showed a fresh 
intraventricular haemorrhage. Skin histology showed 
superficial necrosis with no evidence of vascular 
damage. 


Discussion 


This case illustrates two important points in the care 
of extremely preterm babies. Firstly, that any 
substance which comes into contact with the skin of 
such babies is rapidly absorbed into the blood 
stream. Secondly, that this delicate skin can easily 
be damaged. Those most at risk are newborn 
babies of less than 30 weeks’ gestation and less than 
| kg in weight. 

Choosing a suitable antiseptic solution for skin 
preparation for the many procedures necessary in 
neonatal intensive care is a particular problem. 
Hexachlorophane absorption with resulting nervcus 
system damage has been described. Todine- 
containing skin cleansing solutions have been 
incriminated in cases of goitre and transient neonatal 
hypothyroidism.® Studies on chlorhexidine blood 
levels in babies after bathing in chlorhexidine 
suggest that only minimal amounts are absorbed 
but such studies were not made on extremely 
immature babies most at risk.” 

Industrial methylated spirits is commonly used. 
It consists of 95% ethanol and 5% wood naptia 
(which is at least 60% methanol). A baby of the size 
of this 27-week gestation twin need only absorb 
one-third of a millilitre of methylated spirits to 
reach the dangerous blood levels recorded. We do 
not know how important alcohol intoxication was 
in this baby’s illness and death but, since the first 
alcohol level was not taken until 18 hours after the 
catheterisation, it is likely that the maximum level 
reached was in the potentially fatal range. 

Haemorrhagic skin lesions after umbilical artery 
catheterisation are well known.? This case gives 
further support to the theory that such lesions 
are the result of local skin damage due to cleansing 
agents. Histology showed only superficial skin 
damage and no vascular disturbance. There is 
sparing of the gluteal crease and the distribution 
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is not typical of an area of vascular supply. The 
alcohol would not be able to evaporate if the 
baby is lying on it, and the underlying surface 
would therefore act as an occlusive dressing. The 
site of the lesions suggests that the cleansing 
solution drips down to soak the surface on which 
the baby is lying. Piischel® recently reported a case 
of percutaneous alcohol intoxication in a 2-year-old 
child when alcohol-soaked bandages were applied 
to damaged skin. The child showed features of 
alcohol intoxication and developed haemorrhagic 
skin lesions. 

The use of alcoholic solutions to clean the skin of 
immature babies is potentially dangerous. This 
report is a reminder that great care must be taken if 
pharmacologically active agents are applied to 
immature skin. 
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Debendox does not cause the Poland 


T J DAVID 


Department of Child Health, University of Manchester 


SUMMARY The suggestion that Debendox may 
cause the Poland anomaly is refuted by a study of 
the antenatal drug exposure in 46 cases of the Poland 
anomaly and 32 cases of isolated absence of the 
pectoralis major. Debendox had been prescribed in 
one case of the Poland anomaly and in one case of 
isolated pectoralis absence, but in neither was the 
compound given during organogenesis. In none of 
the 78 cases could Debendox be causally implicated. 





The Poland anomaly is a rare congenital malforma- 
tion comprising unilateral absence of the pectoralis 


major muscle with an ipsilateral hand defect. 


Isolated absence of the pectoralis major may be a 
related malformation, and the two conditions 
possibly represent a spectrum of defects. 
Debendox is an antiemetic drug used in preg- 
nancy. It is a combination of dicyclomine hydro- 
chloride 10 mg,’ doxylamine succinate 10 mg, and 
pyridoxine 10 mg. It has been marketed in the UK 
since 1958. It has been specifically suggested that 
Debendox may cause the Poland anomaly. ?Inarecent 
study of Debendox and limb reduction deformities,® 
out of 40932 births there were 15 cases of limb 


2 Curley A, Hawk R E, Kimbrough R D, Nathenson G, 
Finberg L. Dermal absorption of hexachlorophane in 
infants. Lancet 1971; il: 296-7, 

7 Mann N P. Gluteal skin necrosis after umbilical artery 
catheterisation. Arch Dis Child 1980; 88: 815-7. 

t Wilkinson A R, Baum J D, Keeling J W. Letter: Super- 
ficial skin necrosis in babies prepared for umbilical 
arterial catherisation. Arch Dis Child 1981; 56: 237-8. 

ë Powell H, Swarner O, Gluck L, Lampert P. Hexa- 
chlorophene myelinopathy in premature infants, J Pediatr 
1973; 82: 976-81. 

€ Chabrolle J P, Rossier A. Goitro and hypothyroidism in 
the newborn after cutaneous absorption of iodine. Arch 
Dis Child 1978; 83: 495-8. 

T Cowen J, Ellis S H, McAinsh J. Absorption of chlorhext- 
dine from the intact skin of newborn infants. Arch Dis 
Child 1979; 54: 379-83. 

€ Piischel K. Percutaneous alcoho! intoxication. Eur J 
Pediatr 1981; 136: 317-8. 


Correspondence to Dr N Rutter, Department of Neonatal 
Medicine and Surgery, City Hospital, Hucknall Road, 
Nottingham NGS5 1PD. 


Received 23 February 1982 


anomaly 


reduction deformities. In only 3 was there a history 
of first trimester Debendox exposure, but in 2 of 
them the limb reduction deformity was the Poland 
anomaly. In the remaining 12 cases of limb reduction 
defects without first trimester exposure to Debendox 
there were no cases of the Poland anomaly. 

In view of the specificity of teratogens, notably 
thalidomide, it was decided `to pursue a specific 
causal relationship between the Poland anomaly, 
the related defect of isolated pectoralis absence, and 
the use of Debendox in pregnancy. 


Materials md methods 


Since 1970, a study of the aetiology of the Poland 
anomaly has been in progress. Cases were referred 
to me by paediatricians and plastic surgeons who 
know of my interest in it, but were not selected in 
any way. All cases were seen before it had been 
suggested! that Debendox might cause the Poland 
anomaly. A special examination. of. the mother’s 
antenatal drug exposure was made in each case. 
The patients comprise two groups (1) 32 cases with 
isolated pectoralis major absence, and (2) 46 cases 
with the Poland anomaly. All cases were examined 
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Table Year of conception 


Year Poland anomaly Isolated pectoralis absence 
1891-1920 3 1 
1921-19306 1 2 
1931-1940 4 2 
1941-1950 2 4 
1951-1957 4 3 
1958-1962 5 3 
1963-1967 10 3 
1968-1972 9 9 
1973-1977 8 5 


by me. Details of each mother’s antenatal drug 
exposure were verified by examining the mother’s 
hospital antenatal records and by obtaining details 
of drug prescription from the family doctor. This 
report is solely concerned with Debendox and not 
with any other drugs or possible teratogens. The 
year of conception was estimated in each case. All 
but 2 patients were born in England and Wales, and 
most were living in the south or south west (Table). 


Results 


Drug ingestion in pregnancy. Details of drug in- 
gestion during pregnancy could not be obtained in 
6-cases born before 1924. Debendox had been 
prescribed in 2 of the remaining 72 cases, and 
details of these two cases are given below. 


Case 1 


Age 10 years; born 28.11.70; isolated pectoralis 
absence 

First pregnancy of 18-year-old mother. Father a 
21-year-old heroin addict. Mother had an adeno- 
tonsillectomy a few days after the estimated date of 
conception. Debendox, two tablets at bedtime. had 
been prescribed for vomiting at 12 and 14 weeks’ 
post-conception, and taken for 4 weeks. Delivery at 
39 weeks, birthweight 1-42 kg. Absence of the 
sternocostal and clavicular heads of the right 
pectoralis major was noted at birth. In addition, the 
child had a lumbar meningocele with an intra- 
medullary teratoma, and hydrocephalus. The arms 
and hands were normal. 


Case 2 


Age 3 years; born 24.9.77; Poland anomaly 

First pregnancy of 31-year-old mother. Debendox, 
two tablets at bedtime, had béen prescribed for 
nausea 4 weeks’ after conception, but the mother 
when interviewed shortly after birth and 3 years 
later said the tablets had been taken only for a few 
days. Delivery at 40 weeks, birthweight 3-36 kg. 


The child had an absent sternocostal head of the 
right pectoralis major muscle, a hypoplastic right 
forearm, shortening of all 4 fingers on the right hand, 
with partial cutaneous syndactyly of the index and 
middle finger, and shortening of the flexor tendons 
to the middle finger. 


Discussion 


Twenty-six (14 Polandanomaly; 12 isolated pectoralis 
absence) cases were conceived before 1958, the year in 
which Debendox was introduced into the UK, and 
these cases could not have been caused by the drug. 
The critical period of embryogenesis for the Poland 
anomaly, which presumably also applies to isolated 
pectoralis absence, has been estimated to be 44—481 
or 43-46 days? after conception. Therefore Debendox 
was taken well after the critical period in the first 
case, and well before the critical period in the 
second case. The larger number of cases conceived 
after 1963 is an ascertainment artefact, and is due to 
the fact that most cases were children referred by 
paediatricians. 

A drawback to this study is that it is retrospective 
and there is no control group. It would be extremely 
difficult to obtain a control group in view of the 
fact that the cases span a 90-year period. The rarity 
of the defect makes a prospective study of a large 
number of cases impossible. Furthermore, it is not 
known how representative a sample of cases this is, 
either in terms of a geographical area or the general 
(as opposed to the hospital) population. Neverthe- 
less, despite these theoretical disadvantages, in none 
of the 46 cases of the Poland anomaly or 32 cases of 
isolated pectoralis absence was there any evidence 
that Debendox could have caused the defect. 


I thank Professor R D H Boyd for constructive 
criticism and Mrs C Webb for typing the manu- 
script. 
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How fast can babies breathe? 

Sir, 

This is not a provisional entry for the Guinness Book of 
Records but an attempt to satisfy a longstanding and 
recently renewed curiosity. 

As a house physician in Queen Elizabeth Hospital for 
Children in Hackney, I observed a respiratory rate of 
180/minute in a 3-week-old preterm infant with an 
extensive bronchopneumonia which persisted for several 
hours, falling overnight to 120/minute, followed by 
gradual return to more normal levels with recovery. 
Within the last month, a 5-week-old infant (admitted at 2 
weeks with a campylobacter enteritis) gradually developed 
a variable laryngeal stridor, with occasional mild cyanotic 
episodes associated with rapid stridulous breathing, 
during one of which I found the respiratory rate to be 
172/minute, a rate not subsequently equalled, although 
rates well over 100/minute were recorded. 

Have rates as high or higher been observed? The 
question is not entirely academic since I believe that some 
equipment designed to monitor respiration in infancy 
would not be capable of recording rates of this magnitude. 


B McNIcHOLL 
Department of Paediatrics, 
Regional Hospital, 
Galway, 

Ireland 


New immunofluorescent blood test for 


gluten sensitivity 

Sir, 

We were surprised at the low incidence of anti-reticulin 
antibody (ARA) found by Unsworth? in his patients with 
coeliac disease. These results are not consistent with those 
of others? nor are they consistent with our results for 
children aged between 4 months and 12 years. During the 
last 4 years we have looked for the presence of ARA in 
many conditions, and have used indirect immuno- 
fluorescent assay.? 

None of the 40 cases of the control group had circulat- 
ing ARA, whereas out of 32 patients with gastroentero- 
logical diseases (such as giardiasis, introlerance to cows’ 
milk protein, intractable diarrhoea), 4 (12:5%) had 
positive results at the time of the biopsy; none had 
demonstrable coeliac disease. 

Out of 48 patients with probable coeliac disease 
studied at the time of the first biopsy, 36 (75%) were 
ARA positive. After one year on a gluten-free diet 21, 


(60%) of 35 cases were negative, but most of the remainder 
admitted they had frequently lapsed from the diet. 
Between 2 months and one year after gluten had been 
reintroduced to the diet, 15 (68%) of the 22 patients were 
ARA positive. 

‘ Jt is our conviction that, although the presence of ARA 
cannot yet be considered to be the perfect screening test 
for detection and control of these patients, it is of 
considerable value. 

Data now presented by Unsworth demonstrate that 
the presence of antibodies to gliadin is a non-specific test 
for coeliac disease. We think we shall only be able 
to draw firm conclusions. if the same patients are studied 
in the three protocolar phases necessary to diagnose 
coeliac disease according to the criteria established by the 
European Society for Paediatric Gastroenterology and 
Nutrition. This was not the case in Unsworth’s study nor 
was it so in our own. 
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Hypernatraemic dehydration 


SIT, 


In a recent paper! the incidence of hypernatraemic 
dehydration (serum sodium >150 mmol/I) in patients 
admitted with gastroenteritis ‘was shown to have fallen 
from 4-9% to 0-9% in a 4-year period at one hospital for 
the age group 0-2 years. During the latter part of 1980 it 
was felt that our hospital had witnessed an upturn in the 
incidence of this problem. It was found that the incidence 
of hypernatraemia was 4-2% (13) in 311 patients admitted 
with gastroenteritis under age 2 years. In 1970 the 
incidence was 5-8% (24) in 414 patients. The incidence of 
hypertonic dehydration (serum osmolality > 300 mmol/) 
was 6-7% in 1970 and 9-6% in 1980. Data on the age 
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Table Age and racial origin of children with hyper- 
natraemic and hypertonic dehydration 


Type of dehydration Age (months) 
0-12 13-24 
Asian White Asian White 
Hypernatraemic 7 3 3 0 
Hypertonic : 
(without hypernatraemia) 4 3 1 0 


and racial origin of the patients in 1980 with hyper- 
natraemia and hypertonic dehydration are shown in the 
Table. 

Seven of the 8 children with hypertonic dehydration had 
serum sodium levels greater than 145 mmol/l, a trend 
towards hypernatraemia. The type of milk given to the 
patient before admission was appropriate in every case 
and no particular pathogen played a major role in the 
_ disorder. These figures show that the incidence of hyper- 
natraemia has not changed here during the last decade, 
and that education in the making-up of feeds and the use 
of appropriate oral fluids in the treatment of gastro- 
enteritis is still needed. 
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Child health services after 


reorganisation 

Sir, 

The annotation by Dr Wilson? fills one with despair. So 
soon after the publication of the infant mortality statistics 
in different countries in the Court Report which showed 
how we have been so sadly overtaken, and at a time 
when our immunisation figures are so conspicuously bad, 

when childhood tuberculosis has recurred, family break 
up; smoking, violence, and accidents are all increasing, 

and schools are increasingly wreaking havoc on children’s 
minds and personalities, how can you publish the 
sentence ‘there will be little change in the child health 
services and no cause for concern.’? 

The big advances in child health in this country 
occurred when it was in the hands of the people whom Dr 
Wilson calis ‘epidemiologists’ (my father was secretary of 
the Society of Medical Officers of Health in the 1930s, and 
was such a one) and with the onset of the disastrous and 
misnamed National Health Service, the relative rate of 
improvement declined. Dr Wilson is making the spurious 
assumption (which was also made at the onset of the 
National ‘Health’ Service) that the doctors who matter for 
health are those who see patients, and is perpetuating the 
longstanding confusion of health (prevention) and chronic 


care. I think that, if a doctor sées a patient, medicine has 
failed, and the correct sequence of importance of these 
aspects of medicine should be prevention, treatment, and 
chronic care. The one aspect of treatment which has really 
important preventive implications is obstetrics and neo- 
natology, and our achievements in these have not been 
satisfactory until recently. 

The lumping of these three categories of medicine (and 
4 others which I have outlined elsewhere) together under 
the so-called National Health Service makes no sense, 
and has been very damaging, because the health (preven- 
tion) component has been given bottom priority instead of 
top. The prejudices of paediatricians and of your journal 
have also been for treatment and care; this is acceptable 
for a journal with your title but there is no evidence for 
her view that paediatrically trained people will do better 
than epidemiologists in forwarding child health; certainly 
much more health-orientated research is needed. 

The sort of administrative juggling which Dr Wilson 
was discussing will have very little effect, good or bad, on 
the present state of child health, but anyone who can say 
that there is no cause for concern in our child health 
services is the wrong person to comment on them. 
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Dr Wilson comments: 


Professor Soothill has taken the sentence ‘there will be 
little change in the child health services and no cause for 
concern’ out of context, from an annotation which 
discussed the effect on the organisation of the Child 
Health Services, of abolishing the post of specialist in 
community medicine (Child Health). There is of course, 
considerable cause for concern about the state of our 
children’s health. In some districts I am also concerned 
about the organisation of their services for children and 
no doubt it would have been wiser to use the phrase ‘less 
cause for concern’. I have no doubt that the effectiveness 
of the present services would be greatly improved if the 
clinical staff were appropriately trained. 

I do not dispute that an epidemiologist may have an 
important role to play in ensuring healthier children but I 
reiterate that a doctor who has no clinical experience of 
child health and paediatric medicine is not equipped to 
organise the clinical child health services or to train the 
doctors who practise there. 


Professor Soothill disputes this, stating that neither the 
title (see above) nor the annotation indicated the restricted 
context to which Dr Wilson now refers. 

Editor 
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Book reviews 


ECan’t Your Child Hear? A Guide for 
Those Who Care About Deaf Children. 
By R D Freeman, C F Carbin, and 
m J Boese. (Pp. 340; illustrated. £9-95 
yaperback.) Croom Helm: London. 1981. 


mlhis book is intended for the parents of 
leaf children, although the authors hope 
hat other professional people who deal 
with deaf children will also gain new ideas 
«nd insights from reading it. The crusading 
nessage that purports to come out of it is 
the use of a ‘total communication’ 
ystem; thus far it seems to promise a 
«reat deal. Suitable books for parents. are 
yadly needed and many people are trying 
o promote the ideas of total communi- 
ation bringing together speech, lip- 
eading, amplification, and a sign 
inguage. The book is easy to read; it is 
‘ivided into neat sections with a summary 

t the end of each chapter. 

However, I regret that expectations are 
imfulfilled; the authors seem to be 
romoting the deaf as a minority group, 
ith its own language, culture, and even 
eroes, and far from using total com- 
qunication.they suggest that simultaneous 
jeech is not always necessary with 
gning and may be harmful. The use of 

—<uplification is minimised and one 
tspects that this is partly due to the fact 
iat in the USA and Canada sophisticated 

earing aids. are not universally available 
yr children free of charge. 

I fear that the people who oppose the 
se of a signing system may find ammu- 
tion in this book, and although it might 
3 helpful in the USA and Canada, 
ynditions here are sufficiently different to 
ake it of little value. 

SYBIL YEATES 


«the First Year of Life. By Graham Curtis 
nkins and Richard C F Newton. 

brary of General Practice Series. Vol. 2. 
aies Editor Cyril Hart. (Pp. 278; 
ustrated -+ tables. £8-50 paperback.) 

MBhurchill Livingstone: Edinburgh. 1981. 


ibies in the first months of life must be 
ìe of the groups of patients who are 
orst served by the general practitioner 
—«arvices. Firstly, there is the astonishing 
«ilure of our administrative arrangements 


to register newborn babies with a general 
practitioner before they are discharged 
from the maternity hospital; secondly, 
health problems of small babies are so 
very different from those of older patients. 
Perusal of this highly readable volume will 
go a considerable way towards removing 
the second problem. 

The first half covers care throughout the 
first year starting with conception, and the 
second half covers common diseases and 
disorders. An attractive innovation is the 
appendix of 50 multiple choice questions, 
together with the answers. While no 
paediatrician would agree with every 
statement in the book, the general balance 
is excellent: ‘A frequent problem seen in 
general practice is that of the well baby 
with a cardiac murmur. Successful 
Management rests not so much with the 
baby as with the handling of the parents.’ 
‘So that unnecessary confusion and 
anxiety do not persist in the parents’ 
minds. One says “persist”? as however 
carefully the pattern and treatment of 
illness are explained to anxious parents 
there will often be a discrepancy between 
what one thinks has been communicated 
to the parents and the actual under- 
standing that has occurred.’ The trenchant 
style occasionally steps from the trenchant 
to the buccaneering, as in discussing 
pertussis immunisation ‘so far the most 
careful analysis has shown no such link’ 
(between immunisation and brain 
damage). In the meanwhile, years of 
innuendo and outright condemnation of 
pertussis immunisation by some members 
of the profession have strengthened 
parents’ resolve, albeit mistakenly, to 
refuse pertussis immunisation and then by 
association all the immunisations offered.’ 

The first author is a general practitioner, 
and the second a consultant paediatrician, 
an appropriate combination and an 
appropriate order of authorship for a 
work of this kind and this readable 
evening’s entertainment can be highly 
recommended to every paediatric SHO 
undergoing vocational training for general 
practice. 

ROBERT BOYD 


The Lung and its Disorders in the Newborn 
Infant, fourth edition. By M E Avery, 
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B D Fletcher, and R G Williams. Major 
Problems in Clinical Pediatrics Series. 
Vol. 1. Series Editors A J Schaffer and 
M Markowitz. (Pp. 367 including index; 
illustrated + tables. £26-00 hardback.) 
Saunders: Philadelphia. 1981. 


As the authors say in their preface there 
have been ‘phenomenal improvements in 
diagnosis and treatment of small infants 
with respiratory insufficiency’. The fourth 
edition of this invaluable little book is an 
admirable attempt to bring the reader up 
to date not only with physiology and 
pathology but also with diagnostic 
techniques, especially the non invasive 
kind. B D Fletcher (for radiology) and 
R G Williams (for cardiology) have 
carefully rewritten, expanded, and up- 
dated sections of the text. There is a whole 
new section on, for instance, echocardio- 
graphy. The excellence, clarity, and 
undoubted usefulness of these sections 
must be attributed to the new authors but 
one senses the overall influence of the 
senior author in the way it all comes 
together. Mary Ellen Avery’s enthusiasm, 
dedication, and scientific honesty shine 
through. The book is aimed at ‘those who 
care for newborn babies, those who want 
to learn more of their pulmonary 
problems, and the innately curious who 
want a distillate of the literature’. It 
undoubtedly succeeds even better than the 
highly acclaimed previous editions; it gives 
background information, authority, and 
practical advice. The reference list has 
been updated; some that have been 
superseded by more precise observations 
have been removed and many new ones 
have been added including a large number 
from the 1980 literature. Thus, as well as 
being theoretical it is immensely practical. 
Every special care baby unit should have a 
copy, and every neonatal resident should 
carry the table on the inside back cover 
with him for reference purposes. 


J W SCOPES 


Pathology of Congenital Heart Disease. 
By A E Becker and R H Anderson. 
Postgraduate Pathology Series. General 
Editor Sir Theo Crawford. (Pp. 498 
including index; illustrated + tables. 
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£45.00 hardback.) Butterworth: London. 
1981. 


This excellent and much-needed book 
provides a comprehensive description of 
all but the very rarest specific congenital 
heart defects; it also contains useful 
chapters on their pulmonary conse- 
quences, associated syndromes, and 
cardiac tumours which present so early 
that they are probably congenital. 

A common, frequently subconscious, 
fear afflicting widely. respected experts is 
that one day someone will realise that their 
subject does not require superhuman 
comprehension, but is actually very 
simple. To avoid such an embarrassing 
dénouement, the subject is therefore 
surrounded by a heavy smoke-screen of 
quite unnecessarily complex pseudo- 
science expressed in impenetrable jargon. 
Experts on congenital heart disease are no 
different from others in this respect; 
therefore it is refreshing to read the view 
of the authors that ‘congenital cardiac 
malformations are to us a paradox. It 
would seem that many pathologists 
consider them a mystery... . Yet we are 
convinced that the diagnosis of congenital 
cardiac anomalies is not difficult’. They 
go on triumphantly to prove the point. 

The book is beautifully and lucidly 
written, with enough flashes of irrepress- 
ible humour to counteract any somnolence. 
Iconoclasm abounds, as it should if 
scientific progress is to be based on robust 
intellectual discussion rather than on grey 
conformity. The lavish scale of illustration 
means that the written text of many 
chapters is so brief that even the least 
motivated reader is unlikely to become 
bored. He will almost certainly learn a lot, 
whatever his background, at the cost only 
of eye-strain. The poor reproduction of 
some photographs was my only disap- 
pointment. In their preface the authors 
accept the blame for any deficiencies but 
anyone familiar with the almost legendary 
quality of Becker and Anderson’s slides 
will realise they have been greatly let 
down by their publishers. 

I strongly recommend that anyone with 
an interest in paediatric cardiology should 


buy two copies of this book; one for 


himself and the other for his pathologist. 


F J MACARTNEY 


The Prevention of Handicap of Earły 
Pregnancy Origin: Some Evidence for the 
Value of Good Health before Conception. 
By M Wynn and A Wynn. (Pp. 68; 
illustrated + tables. £5.00 paperback.) 
Foundation for Education and Research 
in Childbearing: London. 1981. 


This large pamphlet by the indefatigable 
Wynns is subtitled ‘Some evidence for the 
value of good health before conception’. 
It is a brave, and largely successful, 
attempt to review the relationships 
between .maternal factors (particularly 
nutrition) and fetal outcome (particularly 
birthweight and malformations). It could 


be said that here and there scientific © 


detachment is tempered by missionary 
zeal, but the book is clearly intended for a 
wide and general readership so a clear 
take-home message is appropriate, and it 
is one to which I would not take exception. 


R W SMITHELLS 


Surgical Problems in Children. Recognition 
and Referral. By H C Filston. (Pp. 596 
including index; illustrated + tables. 
£39-50 hardback.) Mosby: St Louis. 1982. 


This book is intended for the primary care 
physician. After a discussion on general 
considerations, the author has subdivided 
the material according to age groups— 
namely the newborn, the infant and 
toddler, the child from 2 to 12 years, and 
the teenager. Although the author 
intended to make the book symptom 
orientated, this is not clear. The scope of 
the book is the conditions requiring 
surgical intervention in the gastro- 
intestinal, genitourinary, nervous, 
musculo-skeletal systems, some skin/ 
subcutaneous anomalies, and some 
respiratory system problems but excluding 
cardiovascular anomalies. The attempt to 
subdivide material into the age bands 
creates difficulties and results in a some- 


what fragmented or repetitive descriptior 
of disorders. It is surprising to 
discussion on pyloric stenosis, atresias' o: 
the small bowel, meconium ileus, anc 
necrotising enterocolitis reappearing in the 
2—12 section. 

It is stimulating reading with many, 
illustrations. Both x-ray films and photo 
graphs are sometimes of patients of ar 
inappropriate age for the section in whic 
they appear. A few of the illustrations are 
uninformative to a paediatric surgeon anc 
one wonders if they are of value to th: 
primary care physician. In a few areas th» 
text diverges significantly from Britisl 
experience—for example that malrotatior 
‘is probably the most common actiologi. 
entity for most intestinal atresias’. 

In this kind of book more considera 
of the signs and symptoms of appendiciti 
at different ages, rather than a detailes» 
discussion of the postoperative manage 
ment, would be beneficial for Britis’ 
doctors, but the requirement of th 
American primary care physicians may b 
different and this nicely produced boo” 
may fill a gap in the north America» 
literature. 

D G YOUN 


Shorter notice 


Childhood Cancer in Britain: Incidencem 
Survival, and Mortality. By G J Drapesæ 
J M Birch, J F Bithell, L M Kinnie 
Wilson, I Leck, H B Marsden, P H Mor 
Jones, C A Stiller, and R Swin 
OPCS Studies on Medical and Populatio 
Subjects No 37. (Pp. 87; illustrate 
-+tables. £9-70 paperback.) HMSC 
London. 1982. 


In the age group 1 to 14 years malignar 
disease is the second most common caur 
of death in children in Britain, onii 
accidents causing more deaths. Th 
publication from the Office of Populatio- 
Censuses and Surveys, based on a studalll 
by workers in Oxford and Mancheste 
gives up-to-date information on incidence» 
and mortality and survival rates for mo» 
of the important childhood neoplesms. 
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cosanoic Acid Levels in Cultured Amniocytes and Fetal Adrenal Gland 

H. W. Moser, A. B. Moser, Amniocentesis was performed in two women heterozygous for adrenoleuko- 

J. M. Powers, H. M. Nitow- dystrophy. 

SKY, H. H. SCHAUMBURG, 

R. A. NORUM, AND B. R. 

MIGEON (Charleston, South 

Carolina, New York, New 

York, Detroit, Michigan and 

Baltimore, Maryland) 

Antibody Response to Herpes Simplex Virus Type I Polypeptides and Glycoproteins in 

Primary and Recurrent Infection 

D. R. MANN AND M. D. HILTy The major antibody response in both primary and recurrent sera was against 

(Columbus, Ohio) herpes simplex virus type I envelope antigens and the major capsid polypeptide. 

Identification of a Major Heparin-Precipitable Protein in Human Serum and its Relationship 

to Cystic Fibrosis 

R. MARGOLIES, B. GRAY, AND The results of this study demonstrate that IgG is the major protein precipitated 

T. F. Boat (Cleveland, Ohio) by heparin at pH 5-57 and suggest that increased amounts of precipitated IgG 
are responsible for observed heparin-cystic fibrosis serum interactions. 

Histologic Maturation of Astroglial Cells in the Archicortex of Early Malnourished Rats 


M. E. CORDERO, A. ZVAIGHAFT, These observations suggest that early severe malnutrition impairs histologic 
S. Muzzo, AND O. BRUNSER maturation of astrocytes in the brain archicortex. 
(Santiago, Chile) 


Alpha,-Antitrypsin Phenotype: Transient Cathodal Shift in Serum of Infant Girl with 

Urinary Cytomegalovirus and Fatty Liver 

G. HuG, G. CHUCK, AND The present report describes an infant girl who had severe liver disease, urinary 

B. BowLes (Cincinnati, Ohio) excretion of cytomegalovirus and a transiently abnormal %,-antitrypsin pheno- 
type, which was not demonstrable in her parents. 


Pyruvate Kinase and Phosphofractokinase Isozymes in Childhood Cancers 


D.COTTREAU,M.-F.ROUSSEAU- The isozymic expression of pyruvate kinase and phosphofructokinase in various 
MERCK, C. NEZELOF, AND types of childhood cancers is compared with the expression in normal fetal and 
A. KAHN (Paris, France) adult tissues. 


A Purified Serum Glycopeptide from Controls and Cystic Fibrosis Patients. I. Comparison 
of their Mucociliary Activity on Rabbit Tracheal Explants 


M. - G. BLITZER AND E. A purified serum glycopeptide fraction from patients with cystic fibrosis is 
SHAPIRA (New Orleans, Louisi- reported to cause ciliary dyskinesia and profound mucus secretion in rabbit 
ana) tracheal explants; the corresponding fraction from controls did not. 

Group B Streptococcal Lung Infection in Neonatal Rabbits 

M. SHERMAN, E. GOLDSTEIN, This study demonstrates diminished intracellular killing of Group B streptococci 
W. LIPPERT, AND R. WENN- by neonatal alveolar macrophages after pulmonary aerosol infection. 


BERG (Davis, California) 
The Pancreatic 6 Cell Fraction in Children with Errors of Amino Acid Metabolism 


R. D. G. MILNER AND P. K. An increased ß cell fraction is reported in some cases of tyrosinosis, phenyl- 
WIRDNAM (Sheffield, England) ketonuria and cystinosis. 

Deficiency of the Hexosaminidase A Activator Protein in GM, Gangliosidosis; Variant AB 

P. HECHTMAN, B. A. GORDON, A patient is described whose clinical course and pathologic features are identical 
AND N. M. K. NG YING KIN to those of classical Tay-Sachs disease in spite of normal levels of 8-N-acetyl 
(Montreal, Quebec, Canada hexosaminidase and normal isozyme distribution. 


and London, Ontario, Canada) _ 
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Notice to Contributors 


Papers for publication should be sent to the Editors, 
Archives of Disease in Childhood, BMA House, 
Tavistock Square, London WC1H 9JR. Submission of 
a paper will be held to imply that it contains original 
work which has not been previously published. 
Permission to republish must be obtained from the 
Editors. 


Short reports. Case reports, brief laboratory observa- 
tions, preliminary communications, and other short 
papers may be submitted for this section. Length 
must not exceed two printed pages of the Archives, i.e. 
in general not more than 1000 words of text, two 
figures or tables, and eight references. Single case 
reports will usually only be considered in this form. A 
report of a trial, based on a reasonable hypothesis, 
which results in a negative result is more likely to gain 
acceptance if it is submitted as a very short report of 
less than 500 words. 

For guidance on ethical aspects authors should refer 

- to Editorials in this Journal (1967, 42, 109; 1973, 48, 

751; 1978, 53, 441). 

One page proof will be sent to the author submitting 
the paper. 


Reprints. Twenty-five reprints are supplied free and 
further reprints may be ordered when the proof is 
returned. 

Authors should check the following requirements 
before submitting a paper: 


(1) Scripts to be top copy and typed in double spacing. 
(2) SI units. The units in which the work was done will 
appear first with the other units, i.e. SI or traditional 
units, appearing after in parentheses. A conversion 
factor should be given as a footnote to tables, and in 
legends to figures. 

(3) Institution(s) where work done to be stated. 

(4) Name and address of author supplying reprints to 
be given at end of paper. 

(5) Figures: (a) provided with a caption, typed on a 
separate sheet, (4) referred to in the text. 

(6) Diagrams to be drawn on stout white paper; any 
lettering may be lightly inserted in pencil. 

(7) Photographs to be on glossy paper unmounted, and 
trimmed to include only relevant portion. Any letter- 
ing, etc. to be inserted should be indicated on a 
separate transparent sheet. 

(8) Coloured illustrations may be considered, but the 
author will usually be asked to contribute to the cost. 
(9) Tables (numbered, with titles) typed on to separate 


sheets. Large tables are expensive and are not 
encouraged. 

(10) References in the text should be numbered. 
References given at the end of the paper should be 
listed in the order in which they are first mentioned. 
The full title of article or book should be given, and 
the first and last page numbers of the particular paper 
or chapter. The titles of journals should be abbreviated 
according to the style used in Index Medicus (see 
British Medical Journal, 24 February 1979 i, 532-535). 
(11) Summary to be typed on a separate sheet; and 
it should say what was done and what was concluded. 


Notice to Advertisers 


Applications for advertising space and rates should 
be made to the Advertisement Manager, Archives of 
Disease in Childhood, BMA House, Tavistock 
Square, London WC1H 9JR. 


Notice to Subscribers 


Archives of Disease in Childhood is published monthly. 
The subscription rate is £40-00 in the United Kingdom 
and the Republic of Ireland, and US $99-00 in all 
countries overseas. Payment for overseas subscriptions 
should be made in US dollars, i.e. US $99-00, or in 
your national currency based on the prevailing 
exchange rate to the US dollar of that currency, 
payable to the British Medical Association. Orders 
can also be placed locally through any leading 
subscription agent or bookseller. (For the convenience 
of readers in the USA subscription orders, with or 
without payments, can also be sent to: BRITISH 
MEDICAL JOURNAL, 1172 Commonwealth 
Avenue, Boston, Mass., 02134, All inquiries, however, 
must be addressed to the publisher in London.) 

All inquiries regarding air mail rates and single 
copies already published should be addressed to the 
publisher in London. 


COPYRIGHT © 1982 by Archives of Disease in 
Childhood. This publication is copyright under the 
Berne Convention and the International Copyright 
Convention. All rights reserved. Apart from any 
relaxations permitted under national copyright laws, 
no part of this publication may be reproduced, stored 
in a retrieval system, or transmitted in any form or by 
any means without the prior permission of the copy- 
right owners. Permission is not, however, required to 
copy abstracts of papers or of articles on condition 
that a full reference to the source is shown. Multiple 
copying of the contents of the publication without 
permission is always illegal. 


From the first tiny tastes through to family meals 


milupa Infant Foods 





Almost half the range is gluten free OX) 





Milupa Infant Foods are known from those first steps in mixed feeding 
and trusted by millions of mothers right through to family meals. 
everywhere. Have you tried the new 4 Seasons 

Almost half the range is gluten varieties? Winter Vegetable Casserole, 
free X -delicious balanced Spring Vegetable Dinner, Summer. 
nourishment for babies and just right Salad Variety and Autumn Fruit 
for those first tiny tastes of solids. Harvest — 3 delicious dinners and one 

The gluten free varieties are dessert. Spring Vegetable Dinner and 
part of the whole Milupa range of Autumn Fruit Harvest are gluten 
breakfasts, rusks, dinner-time free x). All Milupa Infant Foods 
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New books and new editions! 


In collaboration with Miss Norah]. Stephen 
1982 Seventh edition 520 pages illus 
paperback £11.50 


Edited by Donald S. McLaren & 
David Burman 


1982 Secondedition 476pages 37 half-tone 
& 74 line illus paperback £16.00 


Genetics and Otology 
Edited by Peter Beighton & 

Sean Sellars 

1982 256pages illus hardback £13.00 


Textbook of Epilepsy 
Edited by John Laidlaw & 
Alan Richens 


1982 Second edition 576pages 71 half-tone 
& 68 line illus hardback £27.00 


Tuberculosis in Children 
evolution, epidemiology, treatment, prevention 
FJ.W. Miller 

1982 296pages 35half-tone & 10 line illus 
paperback £8.00 


The latest edition of this well-respected, 
comprehensive textbook on neonatal paediatrics. 
All the chapters have been extensively revised 
and updated, many figures and tables have been 
replaced or brought up to date. There are also 
many new illustrations—including new 
ultrasonographs of the fetus. 
In this edition, extensive reference Is made to the 
Report of the Parliamentary Committee (Short 
Report) entitled ‘Perinatal and Neonatal Mortality. 
Reviews of the previous editions include: 

.. clearly latd out.... well-illustrated .. 
excellent... 

British Journal of Obstetrics and meee 


E Thoroughly updated new edition 

E comprehensive, scientifically-based book, 
incorporating advances made and information 
acquired In the past 5 years 

E 3 chapters rewritten by new contributors 

i ew chapter covering diet-related illnesses of 
‘the West 
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Contents (chapter headings): 

*Principles of genetics *Principles of Otology 
"Development of the ear “Inherited disorders of | 
the external ear “Inherited disorders of the middle 
ear *Cranio-facio-cervical malformation 
syndromes “Inherited disorders of the cochlea: 
“Inherited neuro-otologica!l disorders “Genetic 
deafness: general review “Inherited deafness 
syndromes “inherited deafness: diagnostic 
evaluation, screening and genetic management. 


A new edition of this comprehensive account of 
the diagnosis and treatment of epilepsy, now 
revised and expanded to contain contributions 
from authorities worldwide. 


Based on thë author's extensive clinical 
experience in the UK and South West Asia, this 
straightforward, practical book will enable doctors 
to deal with this still common childhood disease. 
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New books from Blackwell 


Growth Assessment in Childhood and 
Adolescence ` : 

C.G.D. Brook. Summer 1982. 176 pages, 
57 illustrations. Paper, about £7.50 


Growth assessment makes a major contribution to 
clinical paediatric practice and its principles should 
be widely available and used by all those involved 
in caring for the health of children. This compact 
handbook will be invaluable to all medical and 
allied professionals working in paediatrics. 


Clinical Paediatric Haematology and Oncology 
Edited by Henry Ekert. Summer 1982. 256 pages, 
26 illustrations. “About £20.00 


This is a stimulating introduction to an exciting 
branch of medicine in which major advances in 
accuracy of diagnosis and therapy are continually 
being made. It will be of great interest to students 
and practising members of the medical profession 
alike. 


Enteral and Parental Nutrition: a Clinical 
Handbook 

Edited by A.M, Grant and E. Todd. Summer.1982. 
192 pages, 14 illustrations. Paper, about £6.00 


This ts a practical guide to intravenous nutrition 
which provides instant data on the optimum regime 
for any patient. It is ideally suited for the ‘white 
coat pocket” of surgeons, dieticians, pharmacists 
and senior nurses. 


Basic Developmental Screening: 0—4 Years 
R.S. [ingworth. Third Edition, 1982. 64 pages, 
45 illustrations. Paper, £2.80 


‘A pocket book packed with down-to-earth 
information on infant screening.’ 
The Practitioner (on the second edition) 


This third edition has been updated and reorganised 
and now incorporates material on children up to the 
uge of four. 


Orthopaedic Management in Childhood 
Edited by P.F. Williams. Summer 1982. 
513 pages, 423 illustrations. About £35.00 


Aimed at orthopaedic surgeons in training and non- 
specialists, this book presents the practice of ortho- 
paedic surgery at the Royal Children’s Hospital, 
Melbourne. It concentrates on the practical manage- 
ment of the patient as well as the treatment of the 


‘disease or disability and is intended to be used as a 
companion to the large standard texts on the subject. 
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THE HEINZ 
FELLOWSHIPS OF THE 
BRITISH PAEDIATRIC 
ASSOCIATION 


H. J. Heinz Company Limited generously 
endows Fellowships in Paediatrics which are now 
administered by the British Paediatric Association. 


Two or three Fellowships will be offered each - 
yeer, the number and type awarded in any one year 
depending on circumstances and the calibre of 
applicants available. 


The types of Fellowship, which are open to 
men or women are: 


A To enable a paediatrician from any part of 
the Commonwealth overseas to spend up to 
twelve weeks in the United Kingdom, meeting 
British paediatricians and seeing something 
of their work. Preference will be given to 
those recently established in an academic 
career who can arrange their visit to allow 
attendance at the Annual Meeting of the 
British Paediatric Association in April 1984. 


B Fellowship B scheme has been discontinued 
for the time being. 


C To enable a paediatrician from the United 
Kingdom of Senior Registrar or Consultant 
status, but in the early years of professional 
life, to make a short working visit (up ‘to 
three months) to a centre in a developing 
country, teaching or conducting research so 
as to benefit both fellow and hosts. 


Applications for these awards must be received by 
the British Paediatric Association not later than 
31st December 1982. 


Applications for C Fellowships can be accepted up 
to 31st January 1983. 


The conditions for the Fellowships ahd 
application forms may be obtained from the 
British Paediatric Association, 23 Queen Square, 
London WCIN 3AZ. 
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Annotations 


BCG vaccination 


Bacillus of Calmette-Guérin was developed after 13 
years of research and more than 200 subcultures 
from an original strain of Mycobacterium bovis. It 
was first used in France in 1921 and since 1950 has 
played an important part in tuberculosis control 
programmes throughout the world. However the 
results of BCG trials have varied enormously and 
discouraging reports from a recent large field trial 
in south India! have provoked a reconsideration of 
BCG vaccination policies. 


Controversy surrounding efficacy 


Early observations in students and during epidemics 
in schools suggested that BCG immunisation reduced 
the incidence of primary tuberculosis” but during the 
last 50 years prospective controlled trials of mass 
vaccination with BCG have found a protective effect 
(reduction in incidence of tuberculosis in the vacci- 
nated group) ranging from 80%? to less than 5°4.4 
The Medical Research Council began a study in 
1950 in which 54 239 British schoolchildren aged 
between 14 and 15 years participated; all were 
initially tuberculin negative. The protective effect 
was 78%, but the infection rate fell so much during 
the trial that it was impossible to assess efficacy 
beyond 15 years. In 1978 the British Thoracic 
Association reviewed the schools’ programme and 
concluded that vaccination between ages 10 and 13 
years still gave 70% protection for at least 10 years. 
However it estimated that as the infection rate had 
declined, 100 000 BCG vaccinations would prevent 
only 44 cases of tuberculosis in the next 15 years.°® 
Neither of these studies investigated the influence of 
race or place of birth on the protective effect. 

The results of other trials, particularly those 
carried out in developing countries, have been less 
encouraging.’ The most recent and largest studied a 
rural population of over 250000 near Madras in 
south India. The purpose of the trial was to test the 
efficacy of two widely used BCG vaccines. After 74 
years no protective effect could be seen with either 
vaccine. Only sputum-positive pulmonary tubercu- 
losis was included in the analysis and no information 
was obtained about meningitis or miliary tuberculo- 
sis, sO the study was not designed to assess the value 
of BCG in children.'! 


Tne reasons for the disparate results of BCG 
trials are not known, but there are a number of 
variables which could have influenced the outcome. 
They include the age range, nutritional state, and 
prevalence of intercurrent infection in the study 
population, the potency of the vaccines used, the 
tuberculosis infection rate, and the prevalence of low 
grace tuberculin sensitivity (this was high in south 
India) presumably due to mycobacteria other than 
M yeobacterium tuberculosis. 


Vaccination in the newborn 


The rare complications of BCG vaccination—chronic 
ulceration, suppurative lymphadenitis, and osteo- 
myelitis—occur more often in the newborn, and 
their immunological response judged by post- 
vaccination tuberculin testing is smaller than in 
adu ts. If the BCG dose is reduced the tuberculin 
response is further decreased. On the other hand 
some necropsy studies® suggest that BCG protects 
by ‘imiting the spread of tubercle bacilli, not by 
preventing the establishment of infection, and in 
studies where clinical disease has developed soon 
afte- infection the protective effect of BCG has been 
good. It follows that vaccination is potentially 
valuable in infants and young children who are at 
risk of rapidly developing disseminated disease. 

There is little information about the efficacy of 
BCG vaccination in the newborn. 

Two prospective controlled trials were done in 
the 1930s. The first was in North American Indians 
living in Saskatchewan. Paired families were allo- 
cated to BCG or control and their infants were 
vaccinated within 10 days of birth. During a 9- to 11- 
year follow-up period, 6 of 306 vaccinated children 
and 29 of 303 controls developed tuberculosis.® The 
results of the second trial begun 4 years later in 
Chicago showed a similar protective effect. There 
were 17 cases of tuberculosis among 1716 vaccinated 
children and 65 cases among the 1665 controls.” 
More recent evidence is available only from retro- 
spective assessments, but studies in Germany, 
Britain, Taiwan, and Hong Kong suggest that 
vaccination in the newborn period gives considerable 
protection against childhood tuberculosis." 
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Current vaccination policies 


BCG is compulsory in 64 countries and is officially 
recommended in a further 118 countries and 
territories. The most widely used programme is 
vaccination of the newborn. The United States 
Public Health Service does not recommend the 
routine use of BCG, and chemoprophylaxis with 
isoniazid is preferred."* The recent poor results from 
south India stimulated a review of existing policies 
by two WHO study groups.!* 14 They recognised that 
there were situations in which the protective effect of 
BCG was uncertain, but felt that the Madras trial 
should not be interpreted as showing that BCG is 
ineffective under any circumstances. It was proposed 
that the kind of programme used should depend on 
the prevalence of infection (low dose tuberculin 
sensitivity) in 10- to 14-year-old children. If this was 
greater than 5% BCG should be given at birth, if it 
was between 2 and 5% vaccination should be given 
at school entry, and if the prevalence was less than 
2% it should be given at between ages 12 and 14 
years: 

In the UK the overall prevalence of tuberculin 
sensitivity in 12-year-old children is about 1%. 
Vaccination is offered to all tuberculin-negative 
children at this age and is accepted by 80 to 90%. 
Because of the decline in incidence over the last 30 
years it would now almost certainly be less expensive 
to stop the schools’ vaccination programme and 
treat the resulting cases of tuberculosis. Infection 
rates vary in different parts of the country and in 
different ethnic groups, so the time may be approach- 
ing when vaccination policies could be determined 
by local rather than national circumstances. It seems 
reasonable to continue vaccinating groups at risk of 
exposure to infection-—-such as hospital and labora- 
tory workers. Tuberculin-negative contacts of 
patients with tuberculosis should always be sought 
and vaccinated. Infants with a history of tuberculosis 
in the family should be vaccinated at birth. Babies 
born to mothers having treatment for tuberculosis 
should be given isoniazid for 6 to 8 weeks, and then 
given BCG if they remain tuberculin negative. It is 
the practice in some parts of the country to vaccinate 
newborn babies of Asian immigrant families. There 
is little information about the benefit of this, but a 
study by the British Thoracic Association found that 
among Asians who had been in close contact with 
tuberculosis, the infection rate was lower in those 
who had previously been vaccinated (1-6%) than in 
those who had not (3-8 %).15 | 

In some recent immunisation programmes BCG 


has been given a few months after birth. Studies are 
being done to discover whether or not at this age 
vaccination induces a better immune response with 
less risk of complications, than in the newborn 
period. 
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Diet for diabetic children: a change in emphasis 


Dietary regulation has always been accepted as a 
necessary part of the treatment of juvenile onset 
diabetes mellitus, in order to facilitate the control of 
blood glucose. In this country it is generally assumed 
that diabetic control can only be achieved with some 
form of carbohydrate restriction, and traditionally 
diets for diabetics have attempted to supply 40% of 
calories as carbohydrate.’ It is difficult to see how 
this practice arose because there is little scientific 
evidence to support it. In Asia and Africa, for eco- 
nomic reasons insulin-requiring diabetics consume 
diets containing 70 to 80% carbohydrate. with no 
‘- apparent ill effects.2 There is convincing experimental! 
. evidence to confirm that diets containing 60 to 85% 
of their energy as carbohydrate are well tolerated, 
and may lead to a reduction in exogenous insulin 
requirements.“ The mechanisms which permit 
adaptation to a high carbohydrate diet are poorly 
understood, but- probably involve changes in both 
insulin receptor and post-receptor activity. An 
increase in the number of insulin receptors’ may 
enhance peripheral sensitivity to insulin.* Increased 
activity of glycolytic pathway enzymes may also 
take place.’ This adaptation does not occur in the 
absence of insulin, but if insulin replacement is 
adequate, carbohydrate handling is restored to a 
state similar to that in the non-diabetic.® 

The widespread use of the 10 g carbohydrate 
ration, portion or exchange, while having the 
dogmatic benefit of apparent simplicity, is, as every 
physiology student knows, a physiological nonsense 
since all nutrients are capable of conversion directly 
or indirectly into glucose. The. regulation of energy 
intake is now regarded as having more influence on 
diabetic control than any individual nutrient, and 
provided that energy intake does not exceed the 
needs of growth and expenditure, the proportion of 
energy contributed by carbohydrate is probably of 
lesser importance. 

A high carbohydrate intake may also have other 
advantages. The emphasis given to a low carbo- 
hydrate intake has resulted in many diabetics 
eating a diet containing a higher proportion of fat, 
especially saturated animal fat, than non-diabetics. 
A higher carbohydrate intake may result in a reduc- 
tion in the hyperlipidaemia characteristic of the 
poorly controlled diabetic with consequent improve- 
ment in cardiovascular morbidity and mortality. 

The higher carbohydrate intakes recommended 
are not a licence for diabetic children to indulge in 


sweet shop excesses; a high carbohydrate diet is by 
no means a ‘free’ diet. The type of carbohydrate 
consumed -is important too. Sucrose and other 
simple sugars are excluded from diabetic diets 
because their rapid absorption produces surges of 
hyperglycaemia which exogenous insulin cannot 
prevent. The experimental evidence on which such 
exclusion was based compared their absorption in 
aqueous solution with that of starch in food such as 
bread and potatoes. Isolated preparations of starch 
however, have a glycaemic effect similar to that of 
glucose, and sucrose can have a less acute hyper- 
glycaemic effect than starch.® It seems likely that 
the earlier studies showed the modifying effect of 
dietary fibre on postprandial blood glucose levels. 
It is now known that the digestion of a mixture of 
carbohydrate and fibre produces less glycaemia than 
the same amount and type of carbohydrate con- 
sumed alone.!® Soluble gel-forming fibres—such as 
pectin and guar gum—appear to be effective in this 
respect, but all dietary fibres probably confer some 
benefit.“ An increase in the fibre content of diabetic 
diets would be rational. 

In 1979 the American Diabetes Association” 
reviewed recent evidence, and issued recom- 
mendations concerning the dietary management of 
diabetics. The Nutrition Subcommittee of the 
British Diabetes Association has now issued dietary 
recommendations. Those which are of particular 
relevance to diabetic children are summarised as 
follows: 

(1) The energy content of the diet in relation to 
individual energy requirement is probably of the 
most relevance to dietary control. The proportion 
of energy derived from carbohydrate need not be 
regulated at an unduly low level in the effort to 
normalise glycaemia in the diabetic. 

(2) The majority of dietary carbohydrate should 
be in the form of polysaccharides (for example, 
bread, potatoes, cereals, beans) and the use of foods 
which are rich in fibre should be encouraged. Sources 
of rapidly absorbed mono- and di-saccharides (for 
example, sweets, chocolates, sweetened drinks) 
should be excluded except in illness or hypogly- 
caemic emergency. Refined (fibre-free) ` starch 
preparations should be used sparingly. i 

(3) There may be long-term benefit to the diabetic 
from a reduction in fat intake, and. consequently -a 
more liberal intake of carbohydrate. It is. recom- 
mended that a maximum of 35% of dietary energy 
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should be obtained from fat and a minimum of 55% 
should be supplied by an appropriate carbohydrate. 
All diets should be nutritionally adequate in vitamins 
and minerals according to normal physiological 
requirements. 

(4) Fat intake should be reduced primarily at the 
expense of foods rich in saturated fatty acids such 
as butter, dairy products such as cheese and cream, 
and those meat products which have a high content 
of fat. If part of the remaining fat intake is from 
polyunsaturated sources, this may improve dietary 
palatability, and practicality. 

(5) In diabetics treated with insulin, the timing of 
carbohydrate intake remains an important con- 
sideration in order to prevent hypoglycaemia. A 
simple method of estimating and distributing carbo- 
hydrate intake is therefore necessary and carbo- 
hydrate portions or exchanges are an essential 
part of dietary management. 

(6) Sorbitol, fructose, and diabetic speciality 
foods which contain these substances are often of 
little health benefit, since their energy content is 
equivalent to their conventional counterparts, and 
the reduction in terms of refined intake is often slight. 
However, ‘dietary’ foods which are substantially 
lower in energy content than their equivalents (for 
example, low calorie squashes, carbonated drinks, 
and some tinned fruits), may assist weight loss if 
required. Saccharine (and any other permitted non- 
nutritive sweetener) remains an acceptable sugar 
alternative for diabetics. 

Dietary compliance in diabetics is notoriously 
poor, with no more than 30% of patients achieving 
an intake satisfactorily near to that intended. 
The situation in diabetic children is probably worse. 
How may an effective yet practical diet for diabetic 
children be best achieved? In childhood dietetics 
is the art of the possible* The first requirement 
is to have the requisite dietetic skills available. The 
best arrangement will depend on local circumstances. 
If children are managed in a district general hospital, 
at least one member of the dietetic staff should have 
experience not only of diabetes, but of paediatric 
diabetes as well. In larger paediatric units and child- 
ren’s hospitals, there should be a dietician with 
specific responsibility for diabetic children. All the 
members of the diabetic care team—hospital medical 
and nursing staff, health visitors, family practitioners, 
and dieticians—should have an agreed common 
approach so that parents and children are not given 
conflicting advice. 

Many children with diabetes present acutely, and 
treatment with insulin may be required before the 
dietician’s first interview, and parents may gain the 
impression that diet is of minor importance. The 
initial contact is important, and the child’s usual 


eating habits and level of activity should be deter- 
mined, and used as a basis for dietary prescription. 
A diet which differs as little as possible from the 
family’s usual routine is much more likely to be 
followed. Short simple advice is best in the early 
stages, while the child and his family are coping 
with injections and urine tests for the first time; 
elaboration can come later. A home visit by the 
dietician will allow a more relaxed discussion, and 
permit an assessment of the family’s problems. 
Imaginative teaching material and methods will 
engage the attention and co-operation of children 
and parents much more effectively than diet sheets 
which list the carbohydrate content of steamed fish 
or artichokes. We may not approve of convenience 
foods but many people depend on them. The 
effectiveness of dietetic teaching should be reviewed 
at intervals during childhood and especially at 
adolescence, and the dietician should be seen as an 
integral member of the follow-up team. 

Dietary recommendations for diabetics will no 
doubt change in future, but at least these recom- 
mendations are more firmly based on scientific fact 
and common sense than the dietetic practices they 
replace. 
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Low-dose radioisotope scanning and quantitative 
analysis in the diagnosis of congenital hypothyroidism 


M K O'CONNOR, P J FREYNE, AND M J CULLEN 
Department of Radiology|Nuclear Medicine, St James’s Hospital, Dublin 


SUMMARY Quantitative thyroid scanning using low doses of ®Tc sodium pertechnetate (1:85- 
3:7 MBq) was performed in 38 cases of congenital hypothyroidism. Of these 38 cases, 29 were 
scanned at 14 + 6 days old, and 9 at 1 year old. The scans show the full range of gland anatomy 
from athyreotic to normal. All morphologically normal scans had grossly increased uptakes:of °°™=Tc. 
The incidence of the various thyroid anatomies was different in each age group. The average radiation 
dose to the thyroid was 2-29 mGy, with at least 70% of patients receiving a dose of 3-0 mGy or less. 
Such low doses of ®™Tc should allow further scanning in later life. Neonatal thyroid scanning 
reveals the aetiology of congenital hypothyroidism and enables the clinician to assess the short- and 


long-term needs of the child. 


Untreated congenital hypothyroidism (CHT) causes 
mental handicap and probably infants with CHT 
comprise the largest remaining group for whom 
specific and effective treatment is available. Screen- 
ing programmes for CHT were started in 1974 and 
now exist in over 70 centres throughout the world. ? 
They are of considerable value; not only do they 
improve the quality of life for the affected infant, 
but they also save money, for the country is no 
longer faced with the maintenanceof a retarded child.” 

Although it has been recommended that thyroid 
scanning should be included in screening pro- 
grammes, Fisher! reported that only 30% of infants 
with CHT have received ®™Tc scans in the USA, 
and there is no information on how long after birth 
such scans were performed. Connolly et al.* reported 
on the feasibility of neonatal thyroid scanning 
before treatment, and concluded that scanning was 
useful in permitting treatment to be started with 
confidence. However, in neither of these studies was 
any quantitative information on gland uptake given. 
Knowledge both of function and anatomy may be 
important for the welfare of the child, and to 
evaluate retrospectively the benefit of screening 
programmes.? 4 

We describe a low-dose scanning technique that 
- provides anatomical and functional information on 
the neonatal thyroid; it also provides an estimate 
of the absorbed dose to the thyroid. 


Methods 
Measurement of thyroid-stimulating hormone (TSH) 


levels in the neonates was performed using filter 
paper dried blood spots taken from standard 
Guthrie cards used for phenylketonuria screening.® 
If a raised TSH level was found confirmation was 
sought from serum TSH. If this was positive too, a 
thyroid scan was arranged, generally within 24 hours 
and certainly not longer than 48 hours later. Hor- 
mone replacement therapy was started immediately 
after scanning. 

For thyroid scanning, the neonate was placed in a 
polystyrene radiolucent immobiliser which was 
moulded to the shape of the infant (Hold and Mold 
immobilizer, Nuclear Associates Ltd). This restraint 
was well tolerated by every neonate and no sedation 
was necessary. During the first 3-6 months of the 
CHT screening programme, the dose of ™™Tc 
sodium pertechnetate used was in the range 5.6- 
7:4 MBq (150-200 u.Ci). This dose is considerably 
lower then the 18-74 MBq (0-5-2-0 mCi) dose used 
in other studies,? ù} and is in line with that currently 
recommended.’ However, experience has shown 
that long scanning times of 30 minutes are sometimes 
necessary and subsequently doses were reduced to 
1-85-3-7 MBq (50-100 Ci). 

The °=Tc sodium pertechnetate was administered 
intravenously. The radioactivity in the syringe was 
measured both before and after injection to give the 
corrected administered dose. Scanning was per- 
formed using a General Electric Maxi IL Gamma 
camera together with a pinhole collimator. The 
images were stored on computer as 30 x 1 min 
frames with a Matrix size of 64 x 64 elements. 
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Scanning was started 3-5 minutes after injection at 
a pinhole to neck distance of 9 cm. This ensured that 
the area of the body from the nose to the diaphragm 
could be seen in every case. If thyroid tissue was 
evident, the uptake of pertechnetate by the tissue 
was calculated using standard computer techniques.’ 
A standard injection of ®Tc corrected to the 
administered dose was counted at a depth of 1 cm 
in Perspex. All functioning tissue was assumed to be 
at a depth of 1 cm below skin surface. No adjust- 
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Fig. | 





ments were made to allow for variations in gland 
depth or non-uniformity of response across the 
detector face.? 19 19 

Because the start of the scanning programme 
was delayed some neonates were not scanned until 
| year old, but the procedure was identical except 
that a small increase in the dose of °’™Tc from 1-9- 
3-7 to 3-7-5-6 MBq was found to be necessary. 
In all infants hormone replacement therapy was 
charged from thyroxine to triiodothyronine 4 weeks 


d 


“mT ¢—sodium pertechnetate scans of neonates with congenrtal hypothyroidism, (a) athyreotic, (b) lingual 


thyroid, (c) lingual + sublingual thyroid tissue, and (d) ‘normal’ enarged thyroid. Anatomical features shown in 
Fig. 1b are, SL=salivary glands, L=lingual thyroid tissue, H =heart, ST—stomach, and SN = sternal notch. 
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( ImGy =O mR) 


Foxiation dose (mGy) 
Fig.2 Distribution of absorbed doses to the thyroid 
glands of 29 infants with congenital hypothyroidism 
after administration of 3-7 MBq (100 pCi) of "Te 
pertechnetate. Dotted line represents the dose delivered 
to a normal neonatal thyroid. 


before scanning and all treatment was’ stopped 1 
week before scanning. 

Gland mass was estimated from the scans by 
planimetry using the method of Mandart and 
Erbsmann.“ From this estimate, together with 
the amount of gland uptake, the absorbed dose to 
` the gland. was estimated. For intercomparison an 
administered dose of 3-7 MBq was assumed in all 
neonates. The radiation doses were estimated using 
the tabulated data of Roedler et al.” This calculates 
that the radiation dose to the euthyroid gland is 920 
uGy/MBq (3-4 mR/pCi of ®Tc administered, 
assuming a gland uptake of 3-5%. The normal 
neonatal gland mass is 1-9 g.12 13 


Results _ 

During the 24-month period from July 1979, about 
150000 neonates were screened of whom 38 had 
raised TSH levels. Of these 38 cases, 9 had been 
detected before the start of the scanning programme 
and were subsequently scanned at 1 year of age. 
These cases are presented separately in Table 2. 
The remaining 29 neonates were scanned within 
24-48 hours of the confirmed raised TSH level. 
The average age of the neonates at scanning was 
14-3 + 6-1 days. 


Table 2 Comparison of distribution of various thyroid 
anatomies seen in neonates with congenital 





hypothyroidism 
Study Normal Ectopic Athyreotic 
No (W No (W No CH 
This study (neonates) 6 (21) 15 (52) 8 (28) 
(1-year olda) 0 (0) 3 (33) 6 (67) 
Connolly ef al. (neonates) 3 (13) 13 (54) 8 (33) 
Walfish et al. (neonates) 5 (26) 9 (48) 5 (26) 
Fisher (0-1 year approx) 16 (12) 35 (28) 74 (60) 


Results of the thyroid scans are divided into three 
groups according to anatomical location—athyreotic, 
ectopic, and normal. The ectopic group is further 
subdivided into lingual and sublingual (Table 1). 
No intrathoracic thyroid tissue was observed. 
A series of scans is presented in Fig. 1 together with 
a typical scan from each group. The range of gland 
uptakes, the thyroxine and TSH levels, and the 
number of cases in each group are shown in Table 1. 
Scan findings in this series are compared with those 
reported elsewhere (Table 2).3 $ For this comparison 
all ectopic thyroids are grouped together. Only the 
findings of Connolly et al.? and Walfish et a/.® are 
directly comparable, as those of Fisher! were from 
cases scanned at various times after birth. The 
incidence of thyroid anatomies in neonates is similar 
in this study to that reported elsewhere.* ® However, 
these results differ greatly from those reported by 
Fisher! and from the results observed in our study for 
1-year-old infants. 

Fig. 2 shows the distribution of absorbed doses 
to the thyroid gland in the 29 neonates scanned. 
The average radiation dose to the thyroid was 2-36 
mGy (236 mR) with more than 70% receiving a 
dose of 3:0 mGy (300 mR) or less. The dose received 
by a normal thyroid is 3-4 mGy (340 mR), shown by 
a dotted line.” 14 The whole-body dose in these 
neonates was about 0-14 mGy (14 mR)."4 


Discussion 


The results of the scans showed the full spectrum of 
possible gland anatomies ranging from athyreotic 


Table 1 Thyroid results in 29 neonates with congenital hypothyroidism 


Gland anatomy Athyreotic 
No of cases 8 (28%) 
9MTc uptake, range O% 

(mean + SD) 
Thyroxine (amol/D, range 28-68 


(mean + SD) (38-3+20-8) 
Thyroid-stimulating hormone (mU/I), range 180-1220 


Ectople Normal 
Lingual Sublingual 

12 (41%) 3 (10% 621% 
0-1-6:0% 2-2-4% 12:646% 
(L-141-6%) (3-140-9%) (21-1412-4% 
26-145 46-171 27-78 

(70-+33) (90-74+69-7) (42424) 
106->200 61—> 182 50> 180 
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to small to large lingual to sublingual thyroid in the 
thyroglossal duct to enlarged thyroid in normal 
location. Measurement of gland uptake provided 
interesting additional information on the functional 
status of the gland. The uptake technique described 
is fairly simple and does not correct for variations in 
gland depth or for non-uniformity across the 
detector face. Of these two sources of error, a 
variation in gland depth is the most important 
giving rise to errors of + 40% in certain circum- 
stances. The overall accuracy of the uptake results is 
probably not greater than + 50%.° Despite this, 
the uptake results provide a good indication of gland 
trapping and allow a clear distinction to be made in 
cases of apparent dyshormonogenesis. The high 
uptake observed in some of the lingual thyroids 
(up to 6%), suggests the possibility that dyshormono- 
genesis may coexist with failure of the gland to 
descend. Since no normal euthyroid neonates have 
been scanned it is not possible to compare the 
uptake results with those expected in a normal 
comparable population. However, a review of 
results obtained using }“I indicated that after 3—5 
days post-partum, the gland uptake of 13H is essen- 
tially similar to that of the adult and on that basis 
one can assume a “™Tc uptake of 14% in the 
euthyroid neonate.*® Using this normal range, about 
24% of all neonates with evidence of functional 
tissue had a ‘normal’ uptake of °™Tc. Thus uptake 
alone identifies only poorly neonates with CHT. 

The results (Table 1) indicate that there is little 
correlation between the biochemical findings and 
either gland anatomy or function. However, all 
athyreotic neonates had TSH levels greater than 
180 mU/I, so that a lower TSH level indicates the 
presence of some functioning thyroid tissue. 
Interestingly the presence of thyroxine in the neo- 
natal serum does not appear to imply the existence 
of detectable functioning thyroid tissue. The origin 
of this thyroxine is a matter for speculation as it is 
currently accepted that there is a little or no transfer 
of thyroxine or TSH from the maternal circulation 
across the placenta.1® Very small thyroid elements 
may not be detectable. Alternatively ectopic thyroid 
tissue may have failed to function after birth. The 
variation in the thyroid anatomy observed in neo- 
nates in Ireland was similar to that observed by 
Connolly et al.* in Australia, and by Walfish et al.® 
in Canada. The difference between these results and 
those of Fisher? can perhaps be explained by the 
length of time between birth and the scan. 

Intermediate hormone replacement therapy will 
undoubtedly alter the stimulus (TSH) to the thyroid 
tissue and may cause it to regress. 

Stopping the hormone therapy and allowing the 
TSH levels to rise 1 to 2 weeks before scanning may 


not result in an anatomical and functional picture 
identical with that observed at birth. This theory 
is supported by our findings in 1-year-old children 
in whom there is a far higher incidence of apparent 
agenesis (67%) compared with neonates (28%). 
Unfortunately, as there were so few cases, these 
findings cannot be more than tentative. 

Qne of the most important considerations in 
thyroid scanning is the radiation dose delivered to 
the neonate. A reduction in the administered dose of 
*mT'c requires a corresponding increase in scanning 
time. This increase carried with it the associated 
proplem of restraining the neonate for the scanning 
period. The moulding technique described above 
did not require sedation and was well tolerated. 
However, 1-year-old children generally dislike being 
restrained and usually cry. Despite this, in no case 
did the mould fail to restrain movement of the 
infents during the 30-minute scanning period. 

Measurement of gland uptake of ®Tc, together 
wita an estimate of gland mass from the scan, 
provide further information on the radiation dose 
to the gland. As with gland uptake the estimate of 
gland mass is recognised as being inaccurate with a 
possible error of + 100%. Despite this, we believe 
that these results provide valuable dosimetric data 
on the radiation dose to the neonatal thyroid. 
Fig. 2 shows the range of absorbed doses to the 
glands, from which it can be seen that about 70% 
of the neonates received thyroid doses of less than 
3-0 mGy. Such a dose must be compared with that 
delivered by a conventional neonatal chest x-ray 
film, where the surface skin dose over the thyroid 
is of the order of 0-5 mGy (SOmR) or greater. All 
the high doses in Fig. 2 were given to neonates with 
normally located enlarged glands and high uptakes 
of ®™Tc, Clinical notes ón these neonates showed 
that in some of them goitres had been detected at 
birth. In such cases gland anatomy and function can 
be inferred from the clinical picture and scanning 
may not be required. If performed a reduction in the 
administered dose of °™Tc from 1-85-3-7 MBq to 
0-9-1-8 MBq would still -allow adequate scanning 
of the gland. In the general case, a reduction of the 
dase below 1-85—3-7 MBq is not feasible because of 
the low ratio (2 : 3) of neonatal/room background 
activity seen by the gamma camera and the cor- 
responding increase in scanning time required. 

A further dosimetric consideration in favour of 
scanning is that most neonates with CHT will be on 
hormone replacement therapy for the rest of their 
lives. Consequently the function of any thyroid 
tissue present will be suppressed by the exogenous 
hormone and any irradiated cells in the gland will 
net be subjected to TSH stimulation. Many in- 
vestigators have demonstrated, in animals, that the 
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effects of radiation on the thyroid gland are greatly 
reduced in the absence of TSH stimulation.?? 18 

The low doses used should allow further scanning 
assessments in later life. This could be especially 
useful in transient cases and in assessing the develop- 
ment or possible involution of gland function. This 
is one aspect of CHT for which little information is 
available. 
' Thus, dosimetrically, neonatal thyroid scanning 
can be a fairly safe procedure. However, how neces- 
sary and how useful is a thyroid scan? Diagnosis can 
be confirmed biochemically and there is the reason- 
able argument that a thyroid scan merely confirms 
the biochemical finding and imposes a radiation 
burden, albeit a small one, on the human body 
during one of its most radiosensitive phases. In 
reply to this argument it must be said that in many 
of the neonates scanned no clinical features of CHT 
were evident® and clinicians were often less than 
fully convinced of the biochemical diagnosis until 
confronted with a positive scan finding. Furthermore, 
definitive proof of a thyroid disorder, as provided 
by scanning, permits the clinician to proceed with 
the treatment with confidence, and also allows him 
better to assess the short and long-term needs of the 
infant. 


We thank the staff of the National Metabolic 
Screening Laboratory, Temple Street Hospital, 
particularly Dr S Cahalane and Dr S Dockeray who 
referred the patients, and Mr Aidan Cranny and 
colleagues of the Endocrinology Laboratory, 
St James’s and Federated Hospitals, who carried 
out the serum hormone assays. 
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Causes and management of bronchiolitis with 


chronic obstructive features 


I G C HODGES, A D MILNER, R C GROGGINS, AND G M STOKES 


Department of Child Health, University Hospital, Queens Medical Centre, Nottingham 


SUMMARY During the last 4 years we have seen 13 children with a severe bronchiolitis. The children 
have had prolonged respiratory illnesses waxing and waning over many months, often requiring 
oxygen therapy for long periods. The diagnosis is based on a clinical picture similar to acute bronchio- 
litis, but persisting for months, frequently associated with failure to thrive, coupled with lung 
function evidence of hyperinflation and airways obstruction but normal static compliance. Confusion 
with ‘other chronic lung conditions can be clarified by straightforward observations and 
investigations. We believe that chronic bronchiolitis is fairly common and often misdiagnosed. The 
short- and medium-term prognosis appears good altkough small airways disease may persist into 


adult life. 


The pattern of acute viral bronchiolitis with cough- 
ing, tachypnoea, hyperinflation, and widespread 
crepitations continuing for up to 2 weeks is familiar 
to all paediatricians. On occasions this clinical 
picture can persist for many months and is then due 
to more extensive viral lung damage.' Most cases 
previously reported are due to adenoviral infections, 
particularly types 3, 7, and 21,'~* rather than to 
respiratory syncytial virus, and in some, specimens 
at necropsy have shown an obliterative bronchio- 
litis.t This condition is considered to be rare. During 
the last 4 years we have seen 13 children with the 
identical clinical features, but in whom the aetiology 
could often not be established. Although they 
probably represent a heterogeneous group, their 
presentation, results of lung function tests, and 
outcome indicate that from the practical point of 
view they can be considered as a single clinical 
entity. In this paper we wish to describe these child- 
ren, providing information on the mode of pre- 
sentation, findings on examination, and results of 
investigations including lung function tests and 
subsequent progress. 


Mode of presentation 


The mean age of the 13 children at the time of the 
initial illness was 9 months (range 7 weeks to 3 years 
9 months); however 4 were over 12 months. Five of 
the children had first-degree relatives with asthma. 
The illness was acute in onset in 11 children, although 
the average duration of symptoms before hospital 


referral was 5 weeks. Six children had been unwell 
with respiratory symptoms for longer than a month 
at zhe time of first hospital referral. 

The two most common symptoms were rapid 
breathing which interfered with feeding, and 
coughing day and night, often severe enough to 
produce repeated vomiting. 

The illness started in the months of December to 
March in only 4, in October or November in a 
further 4, and in May and July in the remainder. 


Clinical features 


The most consistent findings when initially referred 
to hospital were hyperinflation of the chest with 
associated hepatomegaly, tachypnoea (respiratory 
rate >60/min), and widespread crepitations. Wheez- 
ing was recorded in only 4 children. Birthweight and 
admission weight centiles were available on 11 
children. Ten children were failing to thrive with 6 
having weights below the 3rd centile. The longer the 
duration of symptoms before admission the further 
the child was below his birthweight centile. 

The initial diagnoses considered were acute 
bronchiolitis (3), asthma (1), cystic fibrosis (4), 
bronchopneumonia (2), fibrosing alveolitis (2), and 
preumocystisis (1) . 


Subsequent progress 


Twelve of the 13 children were admitted to hospital. 
After admission the condition of all deteriorated 
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except one child who had already been ill for 4 
months at home. The mean duration of hospital 
stay was 61 (range 14 to 133) days. Eleven children 
received oxygen therapy. One required oxygen for 
522 days, until he died at home. Excluding this 
child the mean duration of oxygen therapy was 25 
days. Four children were treated by mechanical 
ventilation, one child being ventilated for a total of 
20 days. He had the most widespread lung damage 
and was the child who eventually died in chronic 
respiratory failure. Three children were considered 
to be in heart failure as judged by apparent hepato- 
megaly, lung crepitations, and-engorged neck veins. 
In retrospect, the hepatomegaly was almost certainly 
secondary to the hyperinflation, the crepitations due 
to bronchiolar infection and damage, and the 
engorged neck veins the result of high intrathoracic 
“pressures impeding venous return to the heart. 


Chest x-ray findings 


At the initial presentation the outstanding features 
were hyperinflation, fine nodular opacities, and 
streaking radiating from the hilar region, mainly 
affecting the upper lobes. Two children had collapse 
or consolidation of the.right middle lobe, 2 had 
areas of consolidation in the left lower lobe, and 1 
had consolidation of the right upper lobe. The heart 
size was normal on all of the initial chest x-ray films. 

During the initial illness 4 children developed. areas 
of consolidation that were not present on admission. 

In 2 the left lung subsequently.became more hyper- 
inflated and herniated across to the right hemithorax. 
In both children the breath sounds were diminished 
.on the affected side, confirming the peo of 
MacLeod’s syndrome.® ê 


Investigations | 

Positive evidence of viral infection was found in 
only 3 cases. Two children had positive viral cultures 
and rising complement fixation titres for an adeno- 


virus. One was grouped as a type’7 adenovirus. A’ 


further child ‘had a rising complement fixation titre 
to Mycoplasma pneumoniae, the titre rising to 1 in 32. 
-All had negative responses to Mantoux and sweat 
tests. Alpha-1 antitrypsin levels and barium swallows 
were normal in the 8 and 7 children studied res- 
pectively. Serum immunoglobulin tests were un- 
. remarkable in 11 children but one had’ increased 


levels of IgG and IgM. Two children underwent’ 


cardiac catheterisation and were found to have 
normal hearts. One infant had a needle aspiration 


of the lung performed to identify the infecting agent’ 


and 3 underwent bronchoscopy. The only abnormal 


bronchoscopic finding was the presene. of excessive 


amounts of white mucus.’ 


Lung biopsy 


Open lung biopsy was performed on 2 patients, 
neither of whom had been ventilated. A specimen 
at necropsy was from a third child who had been 
ventilated. One biopsy obtained 5 months after the 
onset of symptoms showed small round cells and the 
occasional eosinophil surrounding and infiltrating 
the walls of the bronchioles producing a degree of 
obstruction. Alveolar macrophages were prominent. 
She is now symptom free 4 years after the initial 
illness. 

In the other biopsy taken 4 months after the onset 
of the illness there was a round cell infiltrate, 
marked loss of cilia, and some bronchioles obliterated 
by organising vascular fibrous tissue. There were 
areas of collapse with adjacent areas of compensa- 
tory overinflation. The specimen at necropsy 
demonstrated in addition to the cellular infiltrate and 
obliteration, areas of gross overdistention, with 
remodelling of the lung architecture in an abnormal 
manner. 


Lang function 


All but one child who was critically ill had at least 
one lung function assessment. Thoracic gas volume 
was measured by plethysmography ’® and total 
respiratory resistance by the forced oscillation 
technique.® 1° Both measurements necessitate prior 
sedation with chloral hydrate (80 to 100 mg/kg). 
All the children were hyperinflated'! when first 
assessed (Table) with varying degrees of airways 
obstruction. Repeat lung function tests have been 
performed on 10 children (Table). Eight still have 
increased total respiratory resistance (B Taylor, 
1975, unpublished data). None showed an improve- 
ment of more than 10% after nebulised salbutamol! 
(0-5 mi of 0-5% mass/vol solution), but one child 
had a 50% improvement in airways obstruction 
after inhaling a nebulised solution containing 250 ug 
ipratropium bromide. Four children have been 
given oral steroids, 2 with lung function monitoring. 


Table Results of initial and latest thoracic gas volume 
and total respiratory resistance measurements as a 
percentage of expected 


Assessment Time Results as a percentage No tested 
between of expected 
illness and 
assessment Thoracic Total 
(months) gaz volume respiratory 
’ i resistance 
First 
Mean 11-8 206 169 12 
Range 1-5-36. 140-298 85-250 
Latest- 
Mean 33:9 194 191 10 
‘Range - 8-80 100-244 100-300 
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In these 2 there was no improvement in lung function 
after one week of prednisolone (2 mg/kg per 24 
hours). One child had been given increasing doses of 
prednisolone for many months because of an 
apparent initial clinical improvement, resulting in a 
grossly cushingoid and stunted appearance. His 
growth has subsequently improved after the reduc- 
tion in oral steroids. The remaining child showed 
no clinical improvement after a short course of 
steroids. 

Static compliance measurements were performed 
on 7 children using a respiratory jacket which 
surrounded the chest and abdomen. The jacket was 
inflated to a pressure of 3-5 cm of water and con- 
nected to a pressure transducer. The jacket was 
calibrated by injecting and withdrawing known 
volumes of air with a 50 ml syringe, and measuring 
the shift in end tidal baseline.!? A 2-way tape mounted 
on a soft-flanged face mask allowed us to connect 
the child to a pre-pressurised 100-litre tank for 
several breaths, thus providing varying amounts of 
continuous positive airways pressure. Relating the 
applied pressure to the induced changes in end tidal 
baseline as measured by the jacket allowed us to 
derive the pressure volume relationship of the total 
respiratory system and hence the static compliance 
in each child up to age 25 months. All the measure- 
ments were within the normal range (B Taylor, 1975, 
unpublished data). 


Outcome 


Eight children still have troublesome symptoms 
between 2 months and 6 years after the onset of the 
illness. All have made progress although improve- 
ment has been slow. The first sign of improvement 
was reflected by remission of their failure to thrive, 
regaining the 3rd centile for weight by 3-24 months 
after the onset of the illness. Five have been followed 
up for longer than a year. All have had repeated 
hospital admissions for respiratory tract problems. 
The most striking finding on follow-up examination 
was the hyperinflation. Crepitations tended to 
disappear between 2 and 24 months after the 
original illness, but returned when the child had a 
superimposed respiratory tract infection. Finger 
clubbing developed in only one child who died in 
respiratory failure. The 3 children who have been 
followed up for less than one year all still have 
persistent crepitations and hyperinflation. Only one 
child has normal lung function and is asymptomatic. 
Of the remaining 4, one child aged 4} years has only 
an intermittent cough. The other 3 are asymptomatic 
18 months, 4 years 2 months, and 5 years 7 months 
after the onset of the illness. One of the 3 remains 
hyperinflated 5 years 7 months after the initial 
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illness while another has normal lung function at 
18 months. This is the only child who now has 
an entirely normal chest x-ray film without hyper- 
inflation and streaky shadows. 

Of those who were treated with intermittent 
positive pressure ventilation one child, the most 
severely affected, died at home 19 months after the 
initial infection. He had a confirmed adenoviral 
bronchiolitis and had been entirely oxygen depen- 
dent, requiring between 50 and 100% oxygen in the 
last 3 months of his life. Only one of the remaining 
3 children is symptom free. 


Discussion 


All 13 children were referred as diagnostic problems, 
either by general practitioners, or by paediatricians 
elsewhere. All had severe chronic lung disease with 
persistent coughing and often vomiting, respiratory 
distress, and failure to thrive. The clinical picture 
was that of acute bronchiolitis with tachypnoea, 
recession, hyperinflation, and widespread crepitations 
which persist for months. A variety of provisional 
diagnoses had been made, including fibrosing 
alveolitis, bronchopneumonia, and cystic fibrosis. 
Clinically they most closely resembled obliterative 
bronchiolitis, a condition in which there is wide- 
spread persisting damage to the small airways, 
usually resulting from a severe viral infection, or 
from an adenovirus. The clinical findings, hyper- 
inflation on chest x-ray film, and results of lung 
function tests, leave us in no doubt that the major 
site of damage in this group of children is also in the 
small airways. This has been confirmed by the 2 
lung biopsies and the single specimen at necropsy. 
However, we have evidence of adenoviral infection 
in only 2 of the group. We suspect that this clinical 
picture of chronic bronchiolitis represents the 
response of the lung to a number of different patho- 
logical processes, and so has to be considered as a 
heterogeneous group. Nevertheless, from the investi- 
gatory, management, and prognostic point of view, 
they could be considered together. 


Investigation 


The main aim in investigating these children is to 
establish that the site of damage is primarily in the 
small airways and that other clinical entities have 
been excluded. Chest x-ray films supported the 
clinical evidence of hyperinflation and showed a 
linear streaking rather than diffuse or hilar granular 
shadow, making it very likely that the site of damage 
is in the medium or small airways rather than in the 
lung parenchyma. Lung function tests confirmed 
this, providing evidence that the children were 
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indeed grossly hyperinflated with airways obstruction 
and yet had normally compliant lungs. 

The condition with which the clinical picture of 
these children most closely corresponds is cystic 


fibrosis, despite the absence of pancreatic involve- | 


ment. For this reason, at least one sweat test is 
required. This has been entirely normal in all our 
children. Combined immunological deficiency state 
can also produce failure to thrive with chronic 
respiratory disease and must be excluded by exam- 
ining the child for the presence of lymphatic tissues 
and measuring at least one differential white cell 
count and levels of serum immunoglobulins. Again, 
all measurements, except one that showed raised 
levels of IgM and IgG, were normal. Pharyngeal 
incoordination, oesophageal reflux, or an H-type 
tracheo-oesophageal fistula may also lead to hyper- 
inflation and chronic respiratory symptoms. These 
conditions can be excluded by cine swallow and meal 
if there is any doubt about the diagnosis. Further 
support can be gained by examining tracheal 
aspirate for fat-laden macrophages. In our children, 
there was no evidence that aspiration was occurring. 

Alpha-l-antitrypsin deficiency has not been 
reported as a cause of lung disease in this age group, 
but is worth excluding, as chronic bronchitis and 
emphysema can undoubtedly occur in late childhood 
and early adult life. The immotile cilia syndrome, 
although a cause of chronic respiratory disease, is 
not likely to be confused as it causes bronchiectasis 
and parenchymous lung disease rather than hyper- 
inflation, but can be excluded by light and electron 
Microscopical examination of respiratory tract 
epithelial cells obtained from nasal or tracheal 
biopsy. 

An initial diagnosis of fibrosing alveolitis'® was 
made on 2 of our group. This condition, which 
presents with cough, tachypnoea, failure to thrive, 
and persistent fine crepitations can easily be con- 
fused with chronic bronchiolitis. The main dis- 
tinguishing features are the presence of finger 
clubbing, chest x-rays films showing diffuse and 
later discrete!® shadows, and reduced lung com- 
pliance; none of which was present in these children. 

In one child lung biopsy had been performed 
before transfer to Nottingham. The other was 
obtained at a time when we had only seen one 
previous case, and were unsure of the diagnosis. 
Unfortunately, needle biopsy is not likely to provide 
sufficient tissue, and may well lead to pneumothorax 
in the presence of severe airways obstruction. Thus 
an adequate lung biopsy necessitates thoracotomy, 
an invasive procedure in a child who already has 
severe respiratory problems. We would now only 
proceed to open lung biopsy in a child with this 
clinical picture if there was progressive deterioration. 


Management 


The management in the short-term consists of 
oxygen therapy to relieve hypoxia, antibiotics for 
secondary infection, regular physiotherapy, and 
if necessary feeds via nasogastric tubes. The children 
can be.discharged home once they are no longer 
oxygen dependent and are feeding satisfactorily. 
They are likely still to have little respiratory reserve 
with tachypnoea, hyperinflation, and widespread 
crepitations. There is no evidence that broncho- 
dilator drugs or corticosteroids have any effect, but 
both are probably worth trying for 2 or 3 weeks. If 
there is no obvious benefit, the steroids should be 
stopped. One of our children had total growth 
suppression as a result of high dosages of steroids 
during a period of 15 months, which had not had 
any apparent effect on the underlying condition. 
The children will continue to require physiotherapy 
from their parents as lung clearance mechanisms 
are undoubtedly faulty. They will need courses of 
broad-spectrum antibiotics for superimposed in- 
fection. We have also tended to give prophylactic 
antibiotics (co-trimoxazole) in the winter to any 
child who has had more than one infection in a 
period of about 8 weeks. 


Prognosis 


At the height of the illness these children were very 
ill, with severe respiratory distress and failure to 
thrive. Most parents had been given a very guarded 
prognosis, which inevitably caused a great deal of 
anxiety. Our experience indicates that the longer 
term outlook is surprisingly good. Only the one 
child who required ventilation for 25 days died, the 
others showing resolution of their failure to thrive 
after 3 to 24 months. This improvement probably 
reflects new lung growth. Inevitably, these children 
have very little respiratory reserve, and are likely to 
require further hospital admissions, particularly in 
the winter months, for superimposed infection. 
Nevertheless, an optimisitic prognosis should be 
given to the parents as the outlook in the next 
months and years is good. We do not yet know 
whether respiratory problems will recur in adult life. 


We thank the general practitioners and senior 
paediatricians who referred these children for 
investigation, and also the Asthma Research Council 
for their continued financial support. 
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SUMMARY Sodium content was analysed from 360 breast milk samples of 45 mothers who delivered 
at term and from 206 samples of 22 mothers who delivered preterm in the first 4 weeks postpartum. 
The sodium content was consistently higher in the milk from mothers of preterm infants. In both 
- groups, the sodium content of the breast milk decreased rapidly for the first 3 days, and then more 
slowly. After the first week, the daily variation of sodium concentration in the breast milk was 
minimal. There was no significant statistical difference in the sodium content of breast milk before 
compared with after feeding nor was there any difference in sodium content from either breast. 


It is generally accepted that breast feeding has many 
advantages for mother and infant.1 However, there 
has recently been doubt about whether human milk 
is the best food for babies of low birthweight in view 
of the fact that such infants are at risk of developing 
deficiencies of specific nutrients. 3 It has been shown 
that owing to the increased urinary sodium loss,‘ the 
preterm infant who is fed on pooled breast milk or 
‘humanised’ cows’ milk formula is at risk of 
developing hyponatraemia. Higher sodium intake 
than that present in breast milk has therefore been 
recommended for very low birthweight infants.4 
This study was undertaken to determine whether the 
sodium content of breast milk produced by mothers 
delivering preterm infants was different from that 
produced by mothers delivering term babies, and to 
investigate the postnatal changes in sodium content 
of breast milk from both groups of mothers. 


Materials and methods 


The subjects of this study were 45 mothers who 
delivered their infants between 37 and 41 weeks’ 
gestation (group A) and 22 mothers who delivered 
their infants between 27 and 34 weeks’ gestation 
(group B). This study was conducted from birth to 
28 days’ postpartum. About 2 ml of breast milk was 
obtained at the beginning or the end of feeding, or at 
both times, by manual expression during the first 
24 hours after delivery, and thereafter at similar 
times from the same breast each morning. Three 
hundred and sixty breast milk samples were obtained 
from group A and 206 breast milk samples from 
group B. The milk samples comprised: 


(1) One hundred and twenty paired (before and 
after feeding) samples from group A, and 31 
similarly paired samples from group B. 

(2) Twelve pairs of milk samples from each breast 
of 3 mothers who delivered infants at 34, 38, and 41 
weeks’ gestation between 3 and 26 days postpartum. 

(3) Thirteen sets of milk samples collected during 
3 consecutive 8-hour periods (period 1, 0401-1200 
hours; period 2, 1201-2000 hours; period 3, 2001- 
0400 hours) from 10 mothers (4 from group A and 
6 from group B) between 4 and 21 days postpartum. 

(4) Eighty-five single samples from group A and 
116 single samples from group B between 1 and 28 
days postpartum. 

AJl mothers were healthy and not taking diuretics 
while breast feeding. The samples were stored in 
electrolyte-free, tightly sealed polypropylene con- 
tainers and frozen at —20°C. Before analysis, the 


` samples were allowed to thaw at room temperature 


and were assayed by flame photometer* after 
vigorous shaking of the contents. The coefficient of 
variation of the assay was less than 1 %. 

Paired ¢ tests were carried out comparing the 
difference in sodium content of milk before and after 
feeding, between the milk from left and right breasts, 
and between milk samples obtained at different times 
of the day. Log transformation was used and then 
the analysis of variance was carried out to compare 
the sodium content between the group A and group 
B samples, the changes in sodium content with 
respect to the time after delivery, and the interaction 
between the gestational period and the postpartum 


*IL343 flame photometer, Instrumentation laboratory, 
Mass, USA. 
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Table Postpartum changes in breast milk sodium* from mothers delivering preterm and at term 
Breast milk Days postpartum 
sodium (mmol/l) 
l 2 3 Ri 5 6 7 8-14 15-28 

Preterm 

n 5 8 8 9 5 9 9 52 52 

Mean 70-9 54-1 21-8 28-3 15-6 18-9 17-3 13-1 10-6 

1 SEM 11-4 8-7 3-1 4-7 2-8 4-0 2-3 0-6 0-6 
Term 

n 17 21 18 17 19 15 12 53 48 

Mean 64-8 43-7 21-4 16-6 16-2 15-7 14-8 9-8 6-9 

1 SEM 4-4 5.1 2-3 1-7 1-6 l- 2-6 0-6 0-2 





*Statistical analysis—see text. 
Conversion: S1 to traditional units—\ mmol/l +23 mg/l. 


period. The exponential regression curve for the 
sodium content as a function of postnatal age was 
fitted to the breast milk samples from group A and 
group B. 


Results 


The sodium content of the breast milk was highest 
immediately after delivery in both groups (64-8 4-4-4 
mmol/I* in group A and 70-9+-11-4 mmol/I* in 
group B). These levels fell precipitously by day 3. 
After the first week postpartum, the mean breast 
milk sodium content remained fairly stable through- 
out the day. There was however, a gradual fall in the 
breast milk sodium level thereafter throughout the 
period of study (Table). The fluctuation in breast 
milk sodium concentration in both groups diminished 





*Mean + SEM. 
30 Mothers of preterm infant n=157 
se... Mothers of term infant n= 220 
80 f 


Mean + 1SEM 


Breast milk sodium (mmol/l) 





0 4 8 12 6 20 24 28 
Days postpartum 


Figure Postpartum changes in breast milk sodium. 


as the supply of mature breast milk became 
established (Figure). 

Analysis of variance of the data showed that there 
was a highly significant difference (P<0-001) 
between the sodium content of the breast milk from 
group A and that from group B. The mean sodium 
concentration of the breast milk in group B was on 
average about 3 mmol/l greater than that in group A 
according to the exponential regression curve of best 
fit for the mean breast milk sodium of group B 
samples which was y=11-93+100-09e-°°!* and 
that for group A samples which was y= 
8-92+-101-76e-°°°? =, where y= breast milk sodium 
content and x=-days postpartum. There was also a 
highly significant difference (P<0-001) in breast milk 
sodium in each group between the various days 
postpartum. 

There was no statistical difference in the sodium 
content of breast milk obtained before and after 
feeding (P=0-46 for group A and P=0-17 for 
group B); that obtained from the left and right 
breasts (P=0-12); and that obtained at different 
times of the day (P=0-27 for periods 1 compared 
with 2, P=0-48 for periods 1 compared with 3, and 
P=0-20 for periods 2 compared with 3). 


Discussion 


Previous studies on the sodium content of breast milk 
from mothers delivered of preterm infants compared 
with breast milk from mothers who delivered term 
infants have shown contradictory results. Aperia 
et al.” reported lower values from mothers of preterm 
infants, Gross et al. reported higher values, and 
Atkinson ef al.’ suggested that there was no 
difference. These conflicting results might have been 
due to sample size, time of sampling, or method of 
presenting the data. Aperia ef al drew their 
conclusions after examining 19 samples of breast 
milk from mothers of preterm infants over a period 
of 11 days but did not state the number of mothers 
who took part. By sampling on selected days 
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postpartum,® or by pooling of data from samples 
obtained over several days,’ the high sodium content 
of early breast milk may become less evident. 
Despite differences in collection techniques (that is, 
from a complete 24-hour collection,’ from emptying 
both breasts on one occasion, or from the beginning 
or at the end of a feed), or sample preparation and 
assay—these studies support our study which shows 
a significantly higher sodium content in early breast 
milk : 


Our results show there are progressive changes in 
the sodium content of breast milk in the postpartum 
period from both’ groups of mothers. The high 
sodium content in the first few days in both groups 
suggests that the sodium requirement of preterm 
infants may best be met by using pooled expressed 
milk from donor mothers during the early post- 
partum period. Furthermore, the consistently 
' higher sodium content of the breast milk from 
mothers of preterm babies throughout the neonatal 
period suggests it is better adapted to meet the 
increased requirement of the preterm babies. 

Although there may be differences in various 
components of breast milk at the beginning and the 
end of a feed,® our results show this is not the case 
with respect to sodium content of the breast milk in 
the absence of unusual dietary habits or systemic or 
local disease processes affecting the breast. Further- 
more, after the first few days of lactation, the breast 
milk sodium does not seem to show a significant 
diurnal change and does not appear to differ between 
either breast. 


We thank the nursing staff, particularly Sister 
J Pickles, for help in the collection of the milk 
samples, Ms J Parkes for the use of the flame 
photometer, and Dr M Vagholkar and Ms R Gock 
for help with the statistical methods. 
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Fat as an energy supplement for preterm infants 


O J HANMER, W T HOULSBY, H THOM, I S ROSS, D J LLOYD, AND G RUSSELL 


Department of Child Health and Department of Chemical Pathology, University of Aberdeen 


SUMMARY The absorption and utilisation of dietary fat as an energy supplement was studied in 15 
healthy preterm infants. They were given two formulae for periods of one week. The standard low 
solute feed supplied 6 g fat and 476 kJ (114 cal) per kg. The high energy feed supplied 10 g of the 
same fat and 623 kJ (149 cal) per kg. Fat supplementation resulted in increased absorption (signi- 
ficantly higher chylomicron levels) without steatorrhoea or metabolic disturbance, apparently 
unchanged differential absorption of fatty acids, and a significantly higher rate of weight gain (mean 
25-9 + 4-6 compared with 20-3 + 4-4 g/24 h). A high energy formula prepared with supplements 
of complex dietary fat is therefore of potential value in ensuring the adequate nutrition and growth 


of preterm infants. 


The gastrointestinal energy losses of preterm 
infants are high! and increase the already consider- 
able energy requirements for growth which, if not 
met, may place infants at risk from malnutrition. In 
order to meet such energy requirements an alter- 
native to the standard milk feed has been proposed. 
As large feed volumes are poorly tolerated high 
energy formulae have been used in attempts to 
improve energy balance. Although hyperosmolality 
is avoided by the use of fat as an energy supplement, 
immaturity of digestive and absorptive processes 
may limit the usefulness of fat in clinical practice. 
We have therefore studied the absorption and utilisa- 
tion by preterm infants of dietary fat when the 
proportion in a standard feed is increased. 


Patients and methods 


With parental consent we studied 15 preterm infants 
of similar gestations and birthweights but of varying 
postnatal ages; clinical details are given in Table 1. 
All were well and already gaining weight steadily. 
Nearly all had regained their birthweights. None 
was breast fed and all had received a full strength 
low solute cows’ milk formula supplying 2720 kJ/I 
(650 cal/l) for at least a week. 

The two milk feeds differed in fat and energy 
content. The standard feed, Premium*, was a low 
solute modified cows’ milk formula containing 
butterfat and vegetable oils. The high energy feed 
was prepared by Cow and Gate at our request using 
an energy supplement of the same fat. No change 


*Cow and Gate Ltd, Trowbridge, Wiltshire, BA14 8HZ. 


was made to the protein, lactose, mineral, or vitamin 
content, although the percentage of protein energy 
was reduced by the addition of fat. The composition 
of both milk feeds is shown in Table 2. A volume of 
175 ml/kg a day was chosen. This supplied infants 
on the standard feed with 6 g fat and 476 kJ (114 
cal) per kg, and those on the high energy feed with 
10 g fat and 623 kJ (149 cal) per kg. 

Infants were randomly allocated to two groups. 
Eight infants received the standard feed first and 7 
infants the high energy feed first. All received each 
feed for one week. Feeds were given at 2- or 3-hourly 
intervals either by nasogastric tube or bottle. The 











Table 1 Clinical details of 15 preterm infants 
Case Sex Gestation Birthweight Age at Weight at 
(weeks) (g) start of start of 
study study (g) 
(days) 
l F 31 1530 22 1710 
2 M 28 870 70 1700 
3 F 31 1540 13 1510 
4 F 31 1320 39 1550 
5 M 32 1480 11 1560 
6 F 28 1030 30 1350 
7 M 31 1550 16 1610 
8 F 30 1120 62 2060 
9 M 27 1100 36 1590 
10 F 28 1090 17 1180 
11 F a2 1680 11 1670 
12 F 29 1310 27 1520 
13 M 30 1420 21 1690 
14 F 31 1600 12 1640 
15* M 32 1050 15 1190 
Mean 30 1310 27 1570... 
SD 1-7 250 18 -7220 ~ 
*Small for gestational age. fs “a i 
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Table 2 Approximate composition of standard and high energy formulae (per I prepared feed) 


energy % (g) kJ (Cal) 


Formula Fat (g) Protein (g) Casein (g) 
Standard 34-5 18-0 5.7 
High energy 57-2 18-0 5-7 


Whey (g) Protein Lactose (g) Minerals Energy 
12-3 11-0 69-0 3-5 2720 (650) 
12-3 8-9 69-0 3-5 3530 (850) 





Energy 1 Cal w4-18 kJ. 


high energy feed was not introduced in graduated 
strengths and was well tolerated. Daily weighing to 
the nearest 10 g ensured that feed volumes were 
increased as necessary. 

After 6 days, stools were collected over a 24-hour 
period, during which cream was not applied to the 
napkin area, and urine was collected in an adhesive 
bag and drained intermittently. Fresh stool speci- 
mens were collected on polyethylene and frozen 


immediately in a sealed container. On completion © 


each stool collection was weighed and homogenised. 
Aliquots were taken for analysis : water content 
by drying to constant weight, total lipid content by a 
spectrophotometric micromethod based on the 
sulfophosphovanillin reaction,” fatty acids by gas 
chromatography,® and sugars by thin layer chroma- 
tography.* After each 7-day period a prefeed sample 
of plasma was obtained for standard biochemical 
analysis, estimation of lipoproteins by nephelometry, 
and cholesterol by a specific enzyme method. 

In view of the influence of maturity and postnatal 
age on gastrointestinal function each infant was used 
as his own control. Statistical comparisons of 
paired values for each infant and values for all 
infants on each milk feed were then made using the 
ft test. 


Results 


The results of stool analyses are given in Table 3. 
Stool collection from one infant was abandoned 
because of irritation by the urine bag and in 4 
infants one stool collection was discarded after 
‘ contamination with urine. As a result there were 10 
pairs and groups of 11 and 14 infants. No signi- 
ficant difference in stool water or pH was found, but 
the stool lipid content while on the high energy 
feed was significantly higher (pairs P<0-005, groups 
P<0Q-01). 


Table 4 shows how the faecal fatty acid profile 
after each milk differed from the milk fatty acid 
profile. Medium chain fatty acids appeared to be 
well absorbed but with increasing chain length and 
saturation the proportion absorbed decreased. 
Faecal fatty acids profiles after the two milk feeds 
were not significantly different from each other.’ 

The semi-quantitative stool sugar analysis showed 
glucose (~25-50 mg/100 ml), galactose (-~50/150 
mg/100 ml), and lactose (occasional trace) irrespective 
of feed. Chromatography of the stool fluids after 
hydrolysis in 1 mol/l hydrochloric acid showed a 
2- to 5-fold increase in glucose and galactose and the 
appearance of fucose. 

Standard plasma biochemical analysis did not 
show abnormalities or significant differences between 
pairs and groups. The plasma calcium level of 
infants on the high energy feed (2-33 + 0-13 mmol/l; 
9-32 + 0-52 mg/100 ml) was similar to that of in- 
fants on the standard feed (2-29 + 0-17 mmol/l; 
9-16 + 0-68 mg/100 ml). 


Table 4 Fatty acid composition of milk and stool fat 
from preterm infants on standard and high energy 
formulae (%) 





Table 3 Analysis of stool from preterm infants on standard and high energy formulae 


Formula Infants Fat (g!100 g) 
Mean 

Standard 11 7-1 

High energy "14 12-3* 


Principal fatty acids Milk Stool fat 
fat eee 
Standard (11) High energy (15) 
Mean SD Mean SD 
Total saturated 47-5 61-6 6-6 58-1 7-2 
C190 2-0 ~ — — RA 
Cy,:0 8-5 2-0 0-4 1-9 0-6 
C0 7-5 5-0 0-5 4-9 0-9 
Cy6:0 18-0 29-5 3-8 27-7 4-2 
Cs:0 7-0 25.1 3-4 23-6 3-6 
ye. ga da ce = 
Total unsaturated 52.5 38-4 6-6 41-9 7-2 
' Cye:l 3-0 1-0 0-6 i-i 0-5 
Cig:l 33-5 28-4 27 31-5 5-4 
Cy9:2 14-5 9-0 4-4 9-3 2-6 
C:3 0-5 none — — mene 
Others 1-0 
Water (g}100 g) pH 
SD Mean SD Mean SD 
3-9 75 I1 6.3 0-6 
4-9 72 8 6:2 0-3 


*Grouped data: ¢2-87 P<0-01, paired data (not shown but similar): ¢ 3-73 P<0-005, from 10 infants.’ 
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Table 5 Prefeed plasma lipoprotein profile at one week in 15 preterm infants on standard and high energy formulae 


Chylomicrons GID Pre B-lipoproteins f-lipoproteins (gji) Cholesterol (mmol]i) 
(g/l) 
Mean SD Mean SD Mean SD Mean SD 
Standard 0-45 0:22 1-69 0-89 2-32 1:27 3-1 0-8 
High energy 1-18* 0-35 1-82 1-06 1-92 0: 56 2.9 0-7 


*Grouped data: ¢ 6-84 P<0-001, paired data: t 7-06 P<0-001. 


Conversion SI to traditional units—cholesterol: 1 mmol/l a 38-7 mg/100 ml. 


- The high energy feed resulted in chylomicron 
Jevels which were higher in 14 infants and lower in 
one. There was a significant difference between the 
pairs (P<0-001) and between the groups of infants 
on each milk (P<0-001). Levels of pre-8-lipoprotein 
which reflect triglyceride clearance, cholesterol, and 
6-lipoprotein, did not change significantly. These 
results are shown in Table 5. 

The high energy feed was associated with rates of 
weight gain which were higher in 11 infants, un- 
changed in one, and lower in 3 infants when com- 
parisons with the standard feed were made (mean 
daily weight gain on high energy feed 25-9 +. 4-6; 
on standard feed 20-3:g + 4-4). There were signi- 
ficant differences between the 15 pairs (P<0-01) and 
between the two groups (P<0-005). 


Discussion 


In the neonatal period the mechanisms of fat 
absorption are immature.5® It has been estimated 
that at birth term infants absorb between 85 and 
90% of their dietary fat, and preterm infants bet- 
ween only 65 and 75%.! Energy retention increases 
with maturity and postnatal age®?° and by 4-6 
months the proportion approaches adult values of 
95%. Nevertheless, it is well known that increased 
fat intake results in greater net fat absorption in 
preterm infants.1? | 

The pronounced variation in fat absorption by 
neonates reflects the -rapidly changing functional 
maturity of the various processes of digestion and 
absorption. In this study the use of each infant as 
his own control has reduced the influence of physio- 
logical variation as far as possible. 

The higher chylomicron levels are evidence of the 
increased absorption of dietary fat from the high 
energy formula. Despite this greater absorption 
the proportion of faecal fat increased, It is known 
that as fat intake increases less is absorbed, and a 
point of maximal absorption is reached; any addi- 
tional increase then results in an almost identical 
rise in faecal fat.!3 We have not calculated coeffi- 
cients of absorption for the dietary fat in this study 
in view of the limitations which a 24-hour collection 


period imposes. Macroscopically, all stools appeared 
normal. Daily fat excretion was considerably less 
than 2 g/kg so by definition steatorrhoea did not 
occur. 

The relationship between fat excretion and 
calcium absorption is controversial; 13514 in our 
study no change in dietary calcium was made and no 
significant effect on plasma calcium was demonstrated 
during the study period. 

In all stools, reducing sugars were found in only 
small quantities and are unlikely to have interfered 
with fat absorption. The appearance of fucose and 
increased quantities of glucose and galactose after 
stool fluid hydrolysis probably indicates the presence 
of oligosaccharide material—such as fucosyllactose. 

The absorption of a fatty acid is influenced by its 
position within the triglyceride molecule,l 1$ com- 
petition from other fatty acids,” the composition 
of dietary fat” and, as we have confirmed, by chain 
length?’ 18 and saturation.” The mechanism by which - 
fatty acids are absorbed remains unknown. Specific 
receptors have not been identified. The extracellular 
concentration, pH, specificity of lipase, and adequacy 
of micelle formation are all important influences but 
the passive absorption and cellular transport of 
long chain fatty acids is also facilitated by an 
intracellular soluble fatty acid binding protein. 
Found predominantly in villi from the proximal and 
middle intestine its concentration varies in response 
to changes in dietary fat. We would expect the 
activity of this protein to vary with maturity and ` 
further limit the absorption of long chain fatty 
acids by preterm infants. 

The faecal fatty acid profile is influenced not only 
by dietary composition and differential absorption 
in the small-bowel but also by bacterial hydrogena- 
tion in the large-bowel and endogenous lipid from 
sources such as bile and intestinal debris. By 
minimising these influences and avoiding quali- 
tative change we were able to study the effect of an 
increase in dietary fat on differential absorption. The 
hydrogenation of unsaturated fatty acids by bacteria?! 
can be prevented by analysis within 24 hours of 
specimens stored at room temperature.1® We chose 
to freeze stool samples during the collection period 
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and did the analysis as soon as this was completed. 
Branched chain and odd numbered fatty acids are also 
produced by bacteria’® and as significant amounts 
were not found we can assume that the influence 


of bacteria was negligible. The small proportion ` 


of faecal linoleic, acid suggests that endogenous 
biliary lipid was also of minimal influence.1® Our 
results therefore indicate that the differential 
absorption of fatty acids is unchanged by a quan- 
titative increase in dietary fat. 

A high energy formula will only be of value if it 
promotes increased energy retention and growth. 
Although the study was brief, we found that the rate 


of weight gain of infants on the high energy feed was . 


significantly greater than that on the standard 
formula. However, the 4 infants who failed to gain 
weight at an increased rate all showed evidence of 
increased fat absorption. That this could be due to 
the decrease in percentage of protein energy that 
follows the addition of dietary fat is unlikely. The 
proportion of protein energy in the fat supplements 
feed remained higher than that in breast milk and a 
protein:energy ratio conducive to normal growth 
was preserved.!° However, the use of a high energy 
formula” or failure to ensure a neutral thermal 
environment can increase energy expenditure. Such 
variations in energy utilisation might explain why 
not all the 15 infants gained weight at an increased 
velocity on the high energy formula. 

In this study the fatty acid content of the standard 
feed was similar to that of breast milk. We have 
shown that the use of a high energy feed, prepared 
with supplements of this fat, results in increased fat 
absorption and in increased nutrition and growth of 
preterm infants, particularly those unable to tolerate 
large feed volumes. 


We thank the laboratory staff, Miss Allan, the staff 
of the Special Nursery, Aberdeen Maternity Hospital, 
and Cow and Gate Limited for help with this study. 
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A modified cows’ milk formula suitable for low 
birthweight infants 


T J FRENCH, M COLBECK, D BURMAN, B D SPEIDEL, AND R A HENDEY 
Department of Paediatrics, Bristol Maternity Hospital; Cow and Gate, Trowbridge, Wilts 


SUMMARY Low birthweight babies fed standard modified cows’ milk formulae are at risk from the 
high fluid intake needed for adequate nutrition, and very preterm babies often develop late hypo- 
natraemia if the sodium intake fails to match large renal losses. A new cows’ milk formula (Cow 
and Gate Prematalac) provides 120 kcal, 3-6 g protein, 7-5 g fat, and 4 mmol sodium in 150 ml. 
Ten low birthweight babies were fed the new formula at 150 ml/kg a day and compared with 12 
similar babies fed a standard modified cows’ milk formula (Wyeth SMA Gold Cap) at 180 ml/kg a 
day. All the babies grew at intrauterine rates and there was no difference in clinical course. None 
fed the new formula developed hypernatraemia, oedema, or dehydration and none fed the standard 
formula developed hyponatraemia. The Prematalac group safely excreted the increased osmotic 
load and had a higher urinary sodium concentration which should protect less mature preterm 


higher energy, protein, and sodium content than in 
i 507 


infants from late byponatraemia. 


In the UK most preterm infants are fed their mother’s 
milk, banked breast milk, or milk formulae. These 
formulae contain 67 kcal/100 ml and have a low 
sodium concentration to suit the needs of term 
infants.1 In the 3rd trimester the fetus gains weight 
at about twice the rate of a term infant in early 
postnatal life, and major changes take place in body 
composition as organs develop and stores of energy 
and minerals accumulate.? It is debatable whether 
the extrauterine growth rate of the preterm infant 


‘needs to match the intrauterine growth rate but 


such comparison is widely considered a yardstick 
of the growth and development that are taking place 
in the central nervous system. 

Intrauterine growth rates can be achieved in 
preterm infants fed breast milk or milk formulae if 
an amount of 110-150 kcal/kg a day is given,® but 
high fluid intakes are required which may lead to a 
poor tolerance of feed, or to an increased incidence 
of patent ductus arteriosus* and necrotising entero- 
colitis.’ In addition late hyponatraemia may occur 
in the very low birthweight baby in whom renal 
handling of sodium is less developed than in the 
more mature infant.’ 7 A sodium intake of 3 mmol/ 
kg a day prevents hyponatraemia in very low birth- 
weight babies who are well® but sick preterm infants 
have greater sodium losses and require higher 
intakes.® 

We have devised a cows’ milk formula with a 


standard formulae and have fed it at 150 ml/kg a day 
to low birthweight infants. Growth rates and clinical 
and metabolic data were compared with those of a 
similar group fed a standard milk formula at 180 
ml/kg a day. 


Patients and methods 


Newborn babies weighing less than 2500 g entered 
the trial provided they were not multiple births, large 
for gestational age, had major congenital abnor- 
malities, or were babies of mothers wishing to 
breast feed. At birth each baby was placed in one of 
two groups so that the distribution of birthweights 
and the proportion of small for gestational age 
babies in each group were similar. A baby was 
regarded to be large or small for gestational age if 
the birthweight was above the 90th centile or less 
than the 10th centile for gestational age on Gairdner 
and Pearson growth and development charts.® One 
group was allocated the new milk (Cow and Gate 
Prematalac) at a volume of 150 ml/kg a day; the 
other was given Wyeth SMA Gold Cap at 180 
ml/kg a day. The composition of the milks and 
intakes on full feeding are shown in Table 1. The 
osmolalities of Cow and Gate Prematalac and 
Wyeth SMA Gold Cap are 342 and 300 mmol/kg 
respectively. Feeding began when clinically indicated 
and infants entered the trial after full oral feeding . 
had been established. None received phototherapy, 
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Table 1 Composition of milks and intakes of full feeds 


Cow and Gate SMA Gold Cap 
Prematalac 
Per Per Per Per 
100 mi 150 milkg 100 mi 180 milkg 
a day a day 
Energy (kJ) 335 502 275 495 
(kcal) 79 119 65 117 
Protein (g) 2°4 3-6 1-5 2-7 
Fat @) 5-0 7.5 3-6 6-5 
Lactose (g) 6-6 9.9 7-2 13 
Sodium (mmol) 2-60 3-90 0-65 1-17 
Potassiam (mmol) 2:43 3-65 1-43 2-57 
Chloride (mmol) 2:25 3-38 1-04 1-87 
Calcium (mmol) 1-67 2-51 1-1 1-98 
Magnesium (mmol) 0-47 0-71 0-22 0-40 
Phosphorus (mmol) 1-71 2°56 1-1 1-98 


assisted ventilation, or xanthine medication during 
the study. Weight was recorded every other day, 
occipitofrontal circumference weekly, and length 
was measured at the beginning and end of the trial. 
The frequency and nature of stools were recorded. 
Plasma urea, sodium, potassium, and chloride 
concentrations together with haemoglobin and 
white cell counts were estimated twice weekly. 
Plasma calcium concentration was measured weekly 
as were urinary osmolality, sodium, and potassium 
concentration on a random urine sample. 


Results 


The clinical data for each group are shown in Table 
2, and the growth, haematological, and biochemical 
data in Table 3.. Weight gain (Table 3) is expressed as 
g/kg a day rather than as g/day as weight gain in 
utero in the last trimester is exponential” and rate of 
gain of weight dependent on body weight. There was 
no significant difference between the proportion of 
small for gestational age infants in the groups 
(Fisher’s exact test P = 0-485). As the data were 
not normally distributed, medians and ranges are 
quoted and a nonparametric statistical method— 
namely the Mann-Whitney U test—was used to 
determine the significance of differences between the 
two groups in the trial. 

Rates of gain of weight, length, and occipito- 
frontal circumference of both groups were similar 
and equalled intrauterine growth No infant 
in either group developed diarrhoea, steatorrhoea, 
oedema, dehydration, patent ductus -arteriosus, or 
necrotising enterocolitis. None-became anaemic or 
leucopenic. 

Plasma sodium, potassium, urea, and calcium 
concentrations were not significantly different and 
were within the normal range. The plasma chloride 
concentration of the Prematalac group was higher 


Table 2 Clinical data 


Birthweight (g) 

Gestation (weeks) 

Age (weeks) 

Maturity (weeks) 

Weight at start 
of trial 


Cow and Gate SMA Gold Cap 
Prematalac group group (n = 12) 
(x = 10) 
1780 (1230-2180) 1890 (1240-2220) 
34-0 (271-31 33-6 (30-35-9) 
1-4 (0-9.6-1 1-7 (0-0-1) 


33:0 G1-6-38-8) 35-7 (33-3-37-7) 


1810 (1440-2140) 1885 (1340-2370) 


Data expressed as median value and range. 


Table 3 Growth, haematological plasma, and urinary 


biochemistry 
Cow and Gate SMA Gold Cap P value 
Prematalac 
Growth 
Weight (g/kg a day) 15-2 (9-7~18-4) 13. ; (8-1-19-4) NS 
Length (cm/day) 0-16 0-1 NS 
(~-0-21-0- 53) o Oa 
Occipitofrontal 0-14 0-18 NS 
circumference (0-11~0-25) (0- 10-025) 
(cm/day) 
Haematology 
Haemoglobin (g/dl) 17-6 4-6 NS 
(8 -9-20-7) (9-0-19) 
White cell count 11-0 1-6 NS 
(8 -2--15-2) (9 «3--15-2) 
Plasma biochemistry 
Urea (mmol/} 2-49 1-32 NS 
(0-9-3-8) (0-5-4-1) 
Sodium (mmol/fD 140 137 NS 
(134-144) (133-139) 
Potassium (mmol/) 4-7 4-8 NS 
{4-1-5-9} (4-2-6-0) 
Chioride (mmol/l) 107 103 <6-01 
(102-108) (97 -« 5-196) 
Calcrum (mmol/B 2-44 2°49 NS 
{179-2 60) (2.14-2.74) 
Urinary biochemistry 
Sodium {mmo]lji) 28-0 3:9 <0-001 
(13--63) (0- 5-49) 
Potassium (mmol/]) 26-8 16-8 NS 
(8-39) (4-5-39) 
Oxnolality 192-0 92.5 <0-005 
(mmol/kg) (63-323) (63-195) 


Data expreased as median value and range. 

NS = not significant, P>0-05. 

Conversion: SI to traditional units—plasma urea: 1 mmol/] #6-02 
mg/100 ml; plasma cakciam: 1 mmol/l 4-0 mg/100 ml. 


than the SMA group but both were within the normal 
range. 

There was a marked difference in the composition 
of urine formed on the different milks (Table 3). 
Urinary sodium concentration of the majority of 


infants fed SMA Gold Cap was lower than 10 | 


mmol/] and in many cases lower than 5 mmol/l; 

those fed Prematalac had a higher urinary sodium 
concentration, generally between 15 and 35 mmol/l. 
Most infants fed SMA Gold Cap had a urinary 
osmolality less than 120 mmol/kg while the majority 


.of the Prematalac group had a value between 120 


and 240 mmol/kg. In only one case did the urinary 


f 


.¥ 


A modified cows’ milk formula suitable for low birthweight infants 509. 


osmolality of an infant fed Prematalac exceed 300 
mmol/kg. The urinary potassium concentration was 
similar in each group. , 


Discussion 


The new formula (Cow and Gate Prematalac) 
differs in three important ways from formulae 
designed for use in term infants. Firstly, the higher 
energy density (80 kcal/100 ml; 335 kJ/dl) provides 
sufficient energy for preterm infants to grow at 
intrauterine rates at a volume intake of 150 mi/kg a 
day.? Lower volume intakes are associated with an 
improved tolerance of feed and a lower incidence 
of.patent ductus arteriosus* and necrotising entero- 
colitis.5 The main energy source in the new formula is 
a mixture of butter fat and vegetable oil in a higher 
cancentration.than in standard formulae (Table 1). 
Secondly, the protein content is also higher. An 
intake of 150 ml/kg a day provides 3-6¢ protein 
with a casein:whey ratio of 40:60. The protein 
concentration and composition are based on the 
recommendations of Senterre.1* He showed that 
an oral intake of 3-5-4 g/kg a day with the above 
casein :whey ratio was optimal for growth of preterm 
infants provided sufficient energy was available.1* 
Protein intakes within this range produce normal 
plasma urea levels, give a plasma amino acid profile 
similar to that of cord blood, and keep the dietary 
solute and acid loads well within the renal capacity 
for excretion.1® Thirdly, the sodium concentration 
has been increased to avoid late hyponatraemia 
(plasma sodium <130 mmol/l) which occurs in 
one-third to two-thirds of very low birthweight babies 
(<1300 g) fed low sodium milks.” This can be 
slowly corrected if the dietary sodium is increased to 
3 mmol/kg a day. Late hyponatraemia occurs if 
sodium intake is below that required for growth (1-2 


‘mmol/kg a day””) and for loss in the urine. Immature 


renal function in very low birthweight babies leads to 
a high urinary sodium loss even in the presence of 
hyponatraemia.’ Leake® has estimated the urinary 
sodium loss in these infants to be 2-5 mmol/kg a 
day. Sick preterm infants and those on xanthine 
derivatives for apnoea have even higher urinary 
sodium losses. The new formula provides 4 mmol/kg 
a day sodium to meet the normal requirement of 
very low birthweight babies and to allow extra 
sodium for those who are unwell or being treated 
with xanthine derivatives. 

The clinical course of infants fed the new formula 
at 150 ml/kg a day was identical with that of infants 
fed the standard formula at 180 ml/kg a day and no 
infant had any complication. Both groups gained 
weight, length, and head circumference at intra- 
uterine rates. The main advantage of the new 


formula was growth at these rates with an intake 
of 30ml/kg a day less than required with the 
standard formula. This has several advantages 
when milk is being introduced gradually to the 
preterm infant; firstly, a full energy intake is achieved 
earlier because of the lower volume intake required; 
secondly, infants who can tolerate only low volume 
feeding because of intercurrent illness will be better 
nourished. 

Infants fed the new formula and the standard 
formula had plasma sodium, potassium, chloride, 
calcium, and urea levels within the normal range. 
In particular none fed the new formula developed 
hypernatraemia and none fed the standard formula 
developed hyponatraemia (Table 3). The latter result 
is not unexpected since the infants fed standard milk 
formula were more mature than those in whom late 
hyponatraemia has been reported?” (Table 2). 
Sodium content of the standard milk formula will 
match the 1-2 mmol/kg a day required for growth” 
provided that it is fed at 180 ml/kg a day (Table 1) 
and that the infant’s renal tubular function is 
sufficiently mature maximally to reabsorb sodium. 
The very low sodium concentration in the urine 
of this group (Table 3) shows that this degree of 
renal sodium reabsorption has been achieved. The 
higher urinary sodium found in the Prematalac group 
means that the new formula provides a margin of 
safety to prevent late hyponatraemia in very low 
birthweight babies. 

Urinary osmolality of the group fed the new 
formula was higher than that fed the standard milk 
formula, no doubt reflecting the higher sodium 
and protein loads and the lower fluid intake of the 
new formula group. The range of osmolality found 
in infants fed the new formula was within the 
concentrating ability of the very preterm infant® and 
indicates that adequate fluid was provided to meet 
the obligatory renal solute loss. 


Conclusion 


The new formula fed at 150 ml/kg a day leads to 
growth at intrauterine rates. The increased sodium 
concentration is sufficient for the needs of very 
preterm infants? ? and although it is greater than the 
requirement of more mature infants the excess can 
safely be excreted in the urine. The new formula 
appears to be a suitable milk for all babies of low 
birthweight, but further information is needed for 
the infant of very low birthweight, particularly if he 
is sick, 
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allowing his patients to be included in the study; 
Miss J A Hughes and Mrs Y Libbiter for the 
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Early discharge of low birthweight infants* 


FRANCINE LEFEBVRE, ANNIE VEILLEUX, AND HARRY BARD 


Department of Pediatrics, University of Montreal, Neonatology Service, and Pediatric Research 
Centre, Sainte-Justine’s Hospital, Montreal, Canada 


SUMMARY A study was conducted to see if the discharge weight of preterm infants born at < 2000 g 
could safely be reduced. A study group (21 infants) was discharged ‘early’ at a mean weight of 2010 g 
(1890-2190) provided there were no medical problems, weight gain was adequate, temperature 
control in room air was stable, all feedings were by breast, and the mother was ready to have the 
baby home. A control group (17 infants) was discharged at a mean weight of 2261 g (2200-2400). 
The duration of time in hospital for the ‘early’ group was shoitened by 11-6 days. At expected date 
of delivery the weight of infants in each group was similar (3095-+-403 compared with 3146+-453 g); 
length, head circumference, and haemoglobin concentration in each group were similar too. There 
was no morbidity or mortality in either group. Early discharge did not affect mothering confidence. 
This study shows that low birthweight infants can be discharged early (at 2000+-100 g) provided 


appropriate criteria are met, home conditions are adequate, and follow-up is available. 


Several studies'~* have shown there is little justifica- 
tion in waiting for a predetermined weight before 
discharging preterm newborn infants, but it is still 
the custom in many hospitals in Canada not to 
allow such infants to be discharged until they reach 
2500 g. 

Early discharge allows increased contact between 
mother and infant which encourages mother-infant 
bonding.® Other advantages of an earlier discharge 
would be that costs of the hospital would be lower, 
more beds and nursing time would be available for 
acutely ill infants, and there would be less danger of 
hospital-acquired infections. 


Methods 


Infants born at this hospital between October 1979 
and June 1980, weighing 2000 g or less at birth, 
whose parents lived in the Montreal metropolitan 
area were studied. These newborn infants were 
divided into two groups. Those born on odd days 
comprised the early discharge group and were 
discharged at less than 2200 g provided the following 
criteria were met: (1) they were clinically well and 
any medical problem was under control; (2) they 
had outgrown their birthweight and established 
satisfactory weight gain; (3) they had stable tempera- 
ture control in room air (infants were taken out of 


*Study presented at the 58th annual meeting of the Canadian 
Paediatric Society, Winnipeg, Manitoba, 26-30 June 1981. 
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the incubator when they reached 1800 g); (4) they 
were taking all their feedings by breast; (5) the 
mother was capable of caring for the infant at home 
(this information was obtained from the nurses in 
the hospital and from home visiting nurses). The 
infants born on even days comprised the control 
group and were discharged in accordance with the 
same criteria but when their weights were between 
2200 and 2400 g (Figure). 

In order to compare the effects of early discharge, 
the existing programme of the neonatal clinic was 
used: evaluation of the home environment by home 
visits (One visit before and one after discharge, and 
thereafter as required), record of medical problems 
(emergencies, Outpatient visits, readmissions), as 
well as routine examinations (2- to 4-week intervals). 
The indexes of growth (weight, height, head cir- 
cumference, and haemoglobin concentration), as 
well as the incidence of breast feeding were noted. 
These data were then compared for each group at 
the expected date of delivery. 

Twenty-one infants in the early discharge group 
and 17 in the control group were studied. All were 
appropriate for gestational age preterm infants except 
for one small gestational age infant weighing 
1890 g at 36 weeks in the early discharge group. The 
hospital’s neonatal records of all the infants in the 
study were reviewed. Table 1 shows that the infants 
in the two groups were comparable for gender, 
birthweight, gestational age, neonatal illnesses— 
namely neonatal asphyxia, need for mechanical 
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ventilation, respiratory distress syndrome, apnoeas 
and bradycardias, and exchange transfusion. There 
were more multiple pregnancies in the early dis- 
charge group than in the control group (7 compared 
with 3). There were 3 sets of twins in the early 
discharge group compared with one set in the control 
group. Mother’s age, parity,.and marital status were 
similar in both groups. 


2500 


mabaa 
Aa 


1700 
Early discharge 
group Control group 


Figure Distribution of infants and mean and standard 
deviation of discharge weights for the ‘early’ discharge 
group compared with the controls. 


Table 1 Perinatal data for the early and control groups 


Early Control 
(n = 20) (a = 17) 
Gender (mate, female) 10, 11 8,9 
Birthweight (g) (mean-+SD) 16554214 1333 4-293 
Range 1000-1960 900-1940 
Gestation (weeks) (mean +5D) 32-142 31:242 
Range 27-36 28-34 
Twins or triplets 10 4 
Neonatal illnesses 
Moderate neonatal asphyxia = 8 
Severo neonatal asphyxia - 2 0 
Mechanical ventilation (IPPV) 4 3 
Respiratory distress syndrome 4 4 
Apnoeas and bradycardias 7 7 
Exchange transfusion 1 3 
Mothers 
Age (years) (mean +SD) ` 26:143-3 28:345.-7 
(21-32) (18-39) 
Primiparous ; multiparous 10:8 9:7 
Married : unmarried : unknown 17:1:0 13:1:2 
Home visits . 
Good home 15 12 
Mediocre home 2 3 
No visit 1 Í 





No significant difference between the two groupas. 


Before discharge, neonatal visiting nurses visited 


_ each home to make sure that it was adequate. All 


infants were seen in the neonatal follow-up clinic 
or by a private paediatrician within a week of the 
expected date of the delivery. The results of these 
studies were compared for statistical analysis using 
the Student’s ¢ test at the 2 P significance level. 


Results 


Data for the two groups of infants at birth, on 
discharge,.and at their expected date of delivery are 
shown in Tables 1 and 2. Birthweights and gesta- 
tional ages of each group were similar. The mean 
discharge weight for the early group was 2010+84 g 
(range 1890-2190), and 11 of the 21 infants in this 
group were sent home at 2000 g or less. The mean 
discharge weight for the control group was appre- 
ciably greater: 2261+-59g2 (range 2200-2400). 
Weight and head circumference were different in 
each group at discharge. As shown (Table 2) the 
duration of time in hospital was shorter by a mean 
of 11-6 days for the infants discharged early. When 
all the infants in this study had reached their 
expected date of confinement there was no difference 
between the two groups. The early group reached a 
weight of 3095-4403 g (range 2440-3190) while the 
controls reached 3146+453 g (range 2440-4195). 
The measurement of head circumference and length 
was also similar. The mean weight attained in the 
two groups corresponds to about the 25th centile, 
the mean length to the 20th centile, and the mean 
head circumference to the SOth centile on the 
Montreal intrauterine growth chart. Neither was 
there any difference in mean haemoglobin concen- 
tration between the two groups (9-6 g/dl in the early 
group and 10-5 g/dl in the controls). . 

During the period between discharge and the 
expected date of delivery, 4 of the infants from 
the early group and 2 controls were brought to the 
hospital’s emergency room. Two infants from the 
early group-were diagnosed as having upper respi- 
ratory tract infection for which one was admitted 
for observation. This infant did not require any 
treatment and the admission was regarded as un- 
necessary. Two control infants and 2 early discharge 
infants were also seen for benign gastrointestinal 
symptoms or trivial complaint. 

At the time of discharge, 6 of the early group 
infants and 7 controls were partially fed by their 
mothers’ expressed breast milk. At the expected 
date of confinement, only 2 of the early group 
infants were still being breast fed and the breast 
feeding continued until 2 and 3 months after the 
expected date of delivery. There were 3 control 


__infants on mother’s milk at the expected date of 


~ 


Table 2 


/ of delivery, and duration of time in hospital 


Early group 


Control group 


Growth data on discharge and at expected date 


P 


Discharge 
Weight (g) 2010+. 84 2261+59 —0-001 
Range 1890-2190 2200-2400 
(a. = 21) m= 17) 
Length (cm) 45-3+0.-8 46-2+41-2 NS 
Range 44-47 45-49 
(n 9) (i = 13) 
Head 
circumference (cm) 31-8+0-6 32-7+1-0 <0-01 
Range 30-5-32-5 31-5-34-5 
(n 17) (a = 15) 
Expected date of delivery 
Weight (g) 3095 -+ 403 3146 +453 NS 
Range 2440-3910 2440-4195 
m= 21) (n= 17) 
~ Length (cm) 48 -2+4-1-7 49-442-2 NS 
Range 44-.4-50-7 47-6—-54-6 
(n = 21) (n = 16) 
Head 
circumference (cm) 35-2+1-0 35-4+1-0 NS 
Range 33-5-37 33-37 
(n 20) (ni = 16) 
Haemoglobin (g/dl) 9-6+1-0 10-5+1-6 NS 
Range 8-0-12-2 8-9-14-6 
(n = 20) (n = 14) 
Duration of time in 
hospital (days) 26-3+15-2 37-94 14-5 <0-025 
Range 8-74 15-61 
Os = 21) (n = 17) 


Mean+SD. NS = non significant. 


delivery, 2 of whom were still being breast fed 2 and 
7 months later. 


Discussion 


This study shows that it is not necessary to keep 
clinically well preterm newborn infants in hospital 
until they reach a weight of 2500 g. It also shows 
that the length of stay in hospital can be shorter if 
infants are discharged at 2900+100 g under ade- 
quate conditions. This report shows that there were 
no adverse effects of weight gain or other measures 
of growth. No infant died and there was no signifi- 
cant medical problem; only one infant was admitted 
to hospital and this was unnecessary. Unfortunately, 
because there were few infants in the study there 
was no means of demonstrating an enhancement of 
breast feeding. Early discharge created no problem 
in cases of preterm multiple births. A lack of 
mothering confidence could not be seen as there 
were no differences in the numbers of visits to the 
emergency clinic. 

The results of this project show that provided 
home visits are made by nurses, early discharge can 
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be encouraged. This should reduce the costs of 
intermediate care in neonatal nurseries and allow 
more staffing for infants who require intensive care. 
Perhaps early discharge of preterm newborn infants 
will help mother-infant bonding. 

This study has confirmed what has been reported 
elsewhere.!-8 The duration of time in hospital was 
shortened by 11-6 days in our unit by discharging 
preterm newborn infants earlier. Neonatal units 
which continue to wait for a predetermined weight 
of 2500 g before discharge are unnecessarily pro- 
longing time in hospital by at least 3 weeks. 


Conclusion 


This study demonstrates that discharge to an 
adequate home of low birthweight infants at 2000 -+ 
100 g is safe, provided appropriate criteria are met 
and adequate fol'ow-up is available. 


We thank Miss Sylvie Collet; the staff of the neonatal 
clinic (Miss Renée-Berthe Oligny, Sister Simone 
Desjardins, and Mrs Elaine Rahbe) for assistance; 
Mrs Nicole Nérette for secretarial help. 
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Cardiac pacing in children 


D E WARD, M SIGNY, P OLDERSHAW, S JONES, AND E A SHINEBOURNE 


Department of Cardiology and Department of Paediatrics, Brompton Hospital, London 


SUMMARY Twenty patients aged between 12 months and 13 years underwent permanent pacemaker 
implantation. The main indication for pacing was post-surgical atrioventricular block. The compli- 
cation rate was high and related mainly to infections and lead system problems. The use of small 
multiprogrammable pacemakers is expected to reduce the reoperation rate for system malfunction 
and elective replacement. Newer methods of electrode insertion and active fixation devices in smaller 
diameter leads make endocardial pacing a practical alternative to epicardial pacing in the larger 
child who did not require a pacing system at the time of surgery. 


Implantation of permanent cardiac pacemakers in 
infants and children is often complicated by prob- 
lems such as infection or unreliability of the pacing 
system. In this report we review our experience of 
pacemaker implantation in 20 children from 1970 
to 1981, with particular emphasis on these aspects. 


Patients and materials 


Of 20 patients aged between 1 and 13 (mean 74) 
years at the time of initial pacemaker implantation, 
5 patients had symptomatic congenital bradycardia 
and 15 had arrhythmias after surgical procedures 
for congenital cardiac defects (Table 1). Complete 
atrioventricular (AV) block after surgery was the 
largest single indication for pacing. One patient 
developed sinus node dysfunction after total 
correction of Fallot’s tetralogy. Details of the type 
of pacemaker and electrode used at first operation 
for implantation are shown in Table 2. Lithium- 
powered units have been used since 1975 and during 
the last 2 years we have implanted programmable 
(Telectronics 171) or multiprogrammable (Med- 
tronic 5985) pacemakers. Seventeen patients had 
epicardial systems at initial operation. Of these, 15 
had right ventricular epicardial systems, one a 
left ventricular epicardial system, and one child had 
an atrial triggered ventricular pacemaker. Three 
children, aged 10, 10, and 13 years, each without 
associated cardiac defects received endocardial 
systems (2 ventricular, | atrial). Two had juvenile 
sinuatrial disease and one had congenital AV block. 
In these patients an active fixation electrode was 
implanted (Helifix (Vitatron) in one patient, and 
Medtronic 6959 in two) (Fig. 1), and the pacemaker 
was sited in the left prepectoral area. Pacemakers 
attached to epicardial electrodes were sited in the 


anterior abdominal wall in 16 patients. In one 
patient, a l-year-old 9-2-kg girl, a programmable 
pacemaker was implanted in the left pleural cavity 





Fig. 1 


X-ray film showing Medtronic 6959 electrode 
in right atrium in a 10-year-old child with sinuatrial 
disease. 


Table 1 Clinical data and indications for pacing 





Indications Number AV Sinus node 





block dysfunction 
Post surgical 
Complete transposition of 
great arteries 2 2 
Fallot’s tetralogy 3 2 1 
Partial AV canal and 
related defects 5 3 
Ventricular septal defects 4 4 
Isolated mitral regurgitation l l 
Non-surgical 
Partial AV canal I I 
Ventricular septal defect l I 
Normal heart 3 l 2 
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Table 2 Initial pacemaker type 


Lithium battery Zincmercury 
f battery 
Ventricular demand (VVI) 10 (3 programmable) 7 
Ventricular fixed rate (VOO) — l 
Ventricular, atrial triggered 
(VAT) — 


Atrial demand (AAI) 1 (1 programmable) 


Table 3 Complications and indications for reoperation 
Number 
Ofreoperations Of patients 


End of life 7 5 
Complications 16 7 
Infections, 5 reocperations in 4 patients 
Threshold rise, 7 reoperations in 6 patients 
Fractured lead, 3 reoperations in 3 patients 
Migration of unit, Í reoperation in I patient 


Median electrode survival =43 -5 months (all leads). 


and could be programmed in situ without difficulty. 

In patients in whom reoperations were required 
the maximum survival time of the initial pacing 
system was 56 months. Altogether 23 reoperations 
were necessary in 12 children (Table 3). 

Mean survival time of the first pacing system was 
24 + 19-5 months varying from 0-3 to 56. Five 
children have required one reoperation, 4 children 
have had two, 2 have had three, and one child has 
required four reoperations. The mean ume between 
operations was 21-5 + 17-2 months. Sixteen re 
operations in 7 children were for complications 
(Table 3) the most common of which was an increase 
in stimulation threshold resulting in intermittent or 
total failure to capture. Threshold increases occurred 
0-3 to 34 months after electrode implantation. In 5 


Table 4 Electrode changes 
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of the 7 reoperations for high threshold the electrode 
was of the epicardial screw-in type (Medtronic 6917 
and 6917-A). Infections required revision of the 
pacing system on five occasions but on only three 
was the electrode changed. In one child merely 
resiting the pacemaker and failing to change the 
electrode after infection resulted in a chronic 
infection that eventually required complete revision 
15 months later. Partial extrusion of the pacemaker 
was associated with the infection in two instances. 
Lead fracture was documented on three occasions, 
all longer than 2 years after implantation. In one 
patient, the pacemaker migrated from the rectus 
muscle to the pelvic cavity and required resiting. 

The pacing electrode was changed 15 times in 9 
children (Table 4). The median electrode survival 
was 43-5 months. In 9 children the original electrode 
is still functioning after follow-up from 6 to 136 
months. In one patient a high threshold on an endo- 
cardial lead was discovered and a previously 
(implanted) left ventricular epicardial lead was re- 
exposed and testing revealed a satisfactory threshold. 
The pacemaker was reattached to this lead, but the 
patient died suddenly 9 months later. Replacement 
endocardial electrodes were implanted in 10 
instances (endocardial screw in 2 patients, tined 
leads 3 patients, flanged 2 patients, unknown 3 
patients). Fig. 2 shows an endocardial screw-in 
electrode in a patient who had undergone a previous 
Rastelli procedure and implantation of an epi- 
cardial pacing system. 

The pulse generator was changed on 16 occasions 
in 10 children. Elective change for end of life was 
undertaken 7 times in 5 children. The mean lifetime 
of these units was 30-3 + 17-6 months. Two: were 








Old electrode New electrode 
Reason for reoperation 
Site Type Age at revislon (months) Site Type Time since implant (months) 
End of life of unit n=2 RVEPI (SD $2 RVEND (S1) 2 
RVEPI (ST) 46 RVEND (SD 7 
Infection n=3 RVEND (T) 9 RVEND (Notknown) 8 
RVEPI 11 RVEND L 
RVEND (Notknown) 16 RVEND (T) 12 
Threshold rise n =7 RVEPI (SD 34 RVEPI (SD + 
RVEND (DH) 0-3 RVEND * 
RYEPI (SD 2 RVEND (Notknown) 29 
RVEPI (SD 17 RVEPI 3 died 
LVEPI (ST) 2 RVEND (F) = 
RVEND 4 LVEPI 9 died 
RVEPI (SD 26 RVEND (Not known) * 
Lead fracture n=3 RVEPI SD 32 RVEND (T) 9 
RYEPI (IM) 43 RVEPI SD . 
RVEPI S1) 28 RVEPI (SE 





RV =right ventricle, LV left ventricle, EPI epicardial lead, END endocardial lead, Sl screw-in electrode, T=tined electrode, IM—intra- 
mutual electrode; DH —double helix electrode, Feflanged, L= Jost to follow-up, *new electrode subsequently no longer used. 
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Fic. 2 


X-ray film showing left ventricular endocardial 
screw in electrode (Medtronic 6959) in a patient 

who had undergone a Rastelli procedure for 
transposition of the great arteries. 


lithium powered and 5 were mercury-zine powered. 
In 9 other instances the generator was replaced 
prematurely at the time of reoperation for a com- 
plication (infection 4, fractured lead 2, high thres- 
hold 2, migration 1). 

Of the 16 generator changes, lithium-powered 
units were used as replacements in 14 (VVI in 9, 
VOO in 5) instances. Multiprogrammable pace- 
makers (Medtronic SX) were implanted at 5 
reoperations involving a generator change. 

Follow-up has ranged from 6 months to 11 years 
(mean 3-4 + 3-0 years) with a total of 69 patient 
years. There have been 4 deaths of which 3 were 
sudden and may have been caused by pacemaker 
failure. One patient died with endocarditis but 
without evidence of an infected pacing system. 


Discussion 


In common with other published series of pacemaker 
implantation in children, the most frequent indication 
was postoperative AV block. Of a total of 577 paced 
children from thirteen series'~!* recently reviewed 
by Young!? and four additional series!®~ ‘7 (including 
these data) 354 (61-4°%) required pacing for 
surgically induced AV block (Table 5). The incidence 


Table 5 Summary of indications for pacing in 577 
children reported in 18 series (references 1-17 plus this 
report ) 








AV block Sinoatrial disease Total 
Surgical 354 19 373 
Non-surgical 167 37 204 





92 deaths which were pacemaker-related in 37. 
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of this problem has been greatly reduced by intra- 
operative mapping'*-*° and a better understanding 
of the surgical anatomy of the conduction system in 
congenital heart disease. However, persistent post- 
surgical AV block remains an appreciable com- 
plication of repair of complex defects.!" 

The need for pacing in this group of patients has 
been questioned*!~*3 and it was suggested that the 
outlook for postoperative AV block was favourable 
with the risks of conservative therapy outweighing 
the problems of chronic pacing. Subsequent 
experience however, suggests that the mortality 
associated with postoperative AV block is consider- 
ably reduced by permanent pacing! *4 even if sinus 
rhythm resumes postoperatively.24_ Conversely, 
Nissen ef al. reported 19 patients who had had 
transiently perioperative AV block who were not 
paced in the long term and have been followed up 
for longer than 57 months without mortality. 
Nevertheless, late onset complete AV block” or 
intraventricular conduction disturbance*® is well 
known. Izukawa eż a/.*’ suggests that the prognosis 
of transiently perioperative AV block with associated 
bifascicular block is worse than that of either 
abnormality occurring alone. 

The question of prophylactic pacing for per- 
sistent intraventricular conduction defects after 
surgery is a Subject of continuing debate. In the data 
reviewed by Krongrad*? late onset complete AV 
block or sudden death was much more common in 
patients who had had transiently perioperative 
complete AV block in addition to right bundle 
branch block and left axis deviation. Wolff et a/.28 
found a significant incidence of late onset complete 
AV block or sudden death in patients with post- 
operative bifascicular block compared with patients 
without this pattern on the electrocardiogram 
(ECG). In contrast others”? ®° suggest that this ECG 
pattern is benign. The reason for these disparate 
results may be a difference in surgical technique and 
type of injury to the conduction system.*! 3? It has 
been suggested that a prolonged HV interval in 
patients with bifascicular block may identify patients 
at risk of developing sustained complete AV block 
or sudden death.7® 27 29 31 33 34 However, in the series 
of Godman er al.*® all patients with bifascicular 
block and prolonged HV intervals had transiently 
perioperative complete AV block, which may be a 
more reliable predictor of late morbidity.27 The 
value of HV interval measurement in these patients 
is not known.?% 

Although postoperative sinus node dysfunction is 
rare after surgical repair of congenital defects it 
may occur after Mustard’s operation or other 
procedures that damage the sinus node.’ 38 In one 
patient in this series, sinuatrial dysfunction occurred 


after total correction of Fallot’s tetralogy. This 
unusual complication has been previously docu- 
mented.*’ 38 Only 3-2% of 577 implants have been 
paced for postoperative sinus node disorder (Table 
5). Isolated sinuatrial dysfunction with failure of the 
junctional escape mechanism is rare in children®® 4° 
but may be a cause of sudden death in them.*? 4! 
Both our cases had experienced near syncope or 
dizziness and had documented asystolic pauses of 
over 34 seconds. 

Although rare, symptomatic congenital AV 
block is also an indication for permanent pacing 
whether or not there are associated cardiac defects.*! 
If coexisting abnormalities require surgical repair it 
is probably prudent to insert a permanent pacing 
system at the time of operation.*” In general, 
asymptomatic AV block in the presence of a 
reliable junctional pacemaker (as assessed by 
prolonged ECG monitoring and _ electrophysio- 
logical studies) does not require pacing. However, 
follow-up is advisable because symptoms may 
appear later in life. Syncopal spells and dizziness are 
indications for pacing even if bradycardia cannot be 
shown to be causally related to these symptoms. 
Heart failure and limited exercise capacity caused or 
exacerbated by persistent bradycardia may also be 
considered indications for long-term pacing in 
carefully chosen patients. 

The incidence of complications in the present 
series is high but similar to that previously 
reported.!-13 15-17 Problems related to the lead 
system were the most common major complications 
requiring reoperation. Late threshold rises (the 
largest single problem) tend to be higher with 
epicardial than endocardial electrodes*® #4 and some 
series*®-* have suggested that the sutureless screw- 
in electrode (Medtronic 6917 and 6917A) results in 
higher thresholds than other epicardial leads. In 
this series 5 of 7 reoperations for high threshold 
were in children with epicardial screw-in leads. 
Epicardial electrodes have also been more prone to 
conductor fracture and other primary electrode 
problems than are endocardial leads.*! 4° 47 Our own 
experience in adults*® would certainly support this 
view. The high incidence of lead system malfunction 
in children? may be caused by the combined effects 
of growth, use of epicardial electrodes, and 
unrecognised electrode damage at the time of 
reoperation. 

Infection and erosion also account for a large 
proportion of complications? 4 and in one series” 
26°% of reoperations were for this problem. 

It has been suggested that abdominal placement 
of the pacemaker is associated with a lower incidence 
of infection and extrusion.” However, 4 of 5 infected 

nits in this series were implanted deep to the rectus 
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abdominis. In two instances the pacemaker was of a 
fairly large volume (Telectronics 159, Cordis 
Stanicor) which probably contributed to the 
development of infection. Intrapleural implantation 
has been recommended in an attempt to reduce the 
risk of complications caused by the size of the pulse 
generator.” However, with the small pacemakers 
currently available, we believe that intrapleural 
placement should be considered only in very small 
children or in those whose pacing system requires 
protection. Pacemaker pocket infection should be 
treated promptly by total explantation of the 
system.°! Failure to do this may result in chronic 
recurrence of infection and the need for reoperation 
(as in one of our cases) or septicaemia.” 

Pacemaker related deaths occurred in 37 of 577 
patients and represented over one-third of all 
deaths (Table 5). One of the deaths was of a patient 
who had undergone revision of the system one year 
earlier at which time a previously implanted left 
ventricular epicardial lead was used because it 
appeared reliable. This approach is inadvisable 
because of the risk of recurrence of the initial 
electrode problem. 

Transvenous electrode placement in infants and 
children? °* has received little attention because of 
possible technical difficulties with this method and 
the common need to implant the pacemaker at the 
time of surgery. The major limitations of the trans- 
venous method are caused by difficulties in inserting 
the electrode into small veins, occasional problems 
in locating the electrode in a malformed heart, and 
the high displacement rate of endocardial electrodes. 
However, many of these problems may be sur- 
mounted with newer techniques of electrode 
insertion and more reliable electrodes. Direct 
subclavian puncture is now an established method of 
electrode insertion in adults®® and has been used in 
infants.°® This method was successfully used in two 
of our children. The development of reliable active 
fixation electrodes is an important advance in 
endocardial pacing. The Medtronic 6957 screw-in 
electrode has been very successful in adults?’ with a 
low complication rate, and there are limited long- 
term studies of endocardial screw-in electrodes in 
infants?’ and children®®. We have successfully used 
the Medtronic 6957 lead and the 6959 lead® in 4 
patients even in the presence of distorted cardiac 
anatomy (Fig. 2). The active fixation device allows 
a large redundant loop without an increased risk of 
displacement. The increased loop size is taken up as 
the child grows, in the hope of reducing the fre- 
quency of revision procedures. Another advantage 
of this type of electrode is the ability to screw in the 
tip at myocardial sites which have previously been 
unsuitable because of electrode instability. In one 
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of our patients the electrode was passed via a left 
superior vena cava.*! We have also implanted the 
6959 model in the atrium of one child with sinu- 
atrial disorder. 

The incidence of lead fractures is expected to 
decline with the introduction of more resilient 
electrode materials’? and chronic threshold rises will 
be diminished by the use of less reactive and non- 
polarised electrode tips. These advances should 
reduce the ‘technical’ -complication-rate of endo- 
cardial systems. 

In most of our patients, we have implanted 
ventricular demand pacemakers (VV1) and we see 
no indication for the use of fixed rate (VOO) devices 
other than the advantage of the small size in 
neonates. However, modern multiprogrammable 
units are of comparable small size and therefore 
preferable. There is little experience of so-called 
‘physiological’ pacing modes in children. Furman 
and Young™ failed to observe any change in clinical 
status when VAT units (atrial triggered, ventricular 
pacemakers) were exchanged for ventricular pace- 
makers. Nevertheless, in some patients, maintenance 
of AV synchrony with or without ventricular 
pacing may be appropriate.“ 

Programmable and multiprogrammable pace- 
makers are now available in small sizes. The ability 
to adjust non-invasively the characteristics of thesé 
units may greatly reduce the rate of reoperation for 
system malfunction. In this respect, program- 
. mability of output and sensitivity are at least as 
important as rate in paced children. For these 
reasons we recommend a multiprogrammable unit 
in all children who require pacing. 

Conclusion 

The majority of children who need pacemakers have 
congenital heart disease and most of these require 
pacing after surgery. 

Most of the problems of long-term pacing in 
children are related to pacemaker size and un- 
reliability of the lead system. Small, multiprogram- 
mable pacemakers and more reliable electrodes are 
expected to reduce the incidence of problems. The 
advantages and ease of transvenous pacing make 
this method an attractive alternative to trans- 
thoracic pacing in the larger child who does not 
require implantation at surgery. 

If feasible and appropriate we prefer to implant 
new endocardial. systems in patients who require 
revision of existing epicardial systems for any 
reason. 
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Intrapleural permanent pacemakers in infancy 


M HICKEY, D DUFF, AND M C NELIGAN 


Department of Cardiac Surgery, Our Lady’s Hospital for Sick Children, Crumlin, Dublin 


SUMMARY The pleural cavity offers a suitable site for permanent pacemaker implantation in 
infancy. We describe 3 infants in whom this approach was successfully used. 


Although treatment with permanent pacemakers has 
been extensively described in adults, there is little 
information about it in infants. Conventional sites 
for pacemaker implantation are the abdominal wall, 
subpectoral muscle region, subdiaphragmatic area, 

ud the pelvic cavity. If the infant has a thin chest 
and abdominal wall, implantation of the pacemaker 
there produces an unsightly bulge and there is the 
ever present threat of wound dehiscence or wound 
infection because of the fairly large size of the unit.+ 
We describe our experience with permanent pace- 
maker implants in 3 infants using an intrapleural 
site. 


Case reports 


Case 1. A girl was born with clinical signs of 
congestive cardiac failure. Her heart rate was 35 to 
40 beats a minute and she had a murmur character- 
istic of a patent ductus arteriosus. Her electro- 
cardiograph showed complete heart block and 
numerous premature ventricular contractions. 
Cardiac catheterisation was performed within 24 
hours of birth. A patent ductus arteriosus was con- 
firmed but there was no other anatomical abnor- 
mality. A temporary transvenous pacemaker was 
placed in her right ventricle. When she was 6 days 
old a multiprogrammable permanent pacemaker 
was implanted into the left pleural cavity through an 
anterior thoracotomy. Her weight at operation was 
3-39 kg. The postoperative recovery was complicated 
by a left upper lobe pneumonia causing considerable 
respiratory distress. This responded during the 
course of several days to vigorous physiotherapy and 
treatment with appropriate antibiotics. Mild 
respiratory distress persisted for 1-2 months. The 
baby was discharged from hospital after 24 days. She 
is now 2 years old and thriving. No difficulty has 
been experienced with reprogramming. 


Case 2. A boy was born with a patent ductus 
arteriosus murmur; his electrocardiograph showed 
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complete heart block. At age 3 months he developed 
congestive cardiac failure. His ventricular rate was 
38 beats a minute and he was transferred to our 
hospital for further treatment. Cardiac catheter- 
isation confirmed the presence of a patent ductus 
arteriosus and a temporary pacemaker was inserted 
at this procedure. A permanent programmable 
pacemaker was then implanted through a left 
thoracotomy. The age at operation was 3 months and 
the weight was 4-34 kg. His patent ductus was 
ligated at surgery. His postoperative recovery was 
protracted and he was slow to thrive showing a 
pronounced reluctance to feed. However, there was 
no clinical or radiological evidence of pneumonia at 
any stage. He was discharged from hospital one 
month later. He was readmitted at age 9 months 
because his pacemaker was failing to capture. The 
pacing threshold had risen. above the capability of 
the unit and he required’ re-exploration of the 
pacemaker and lead. The lead was resited and he is 
now well. 


Case 3. A 1-year-old girl presented with evidence of 
congestive cardiac failure complicated by Stokes- 
Adams attacks. The electrocardiograph showed 
complete heart block with a ventricular rate of 
38 beats a minute. A temporary transvenous pace- 
maker was inserted. A more detailed cardiac 
catheterisation was not performed because of her 
critical state at that time. A multiprogrammable 
pacemaker* was then implanted through a left 
anterior thoracotomy and the electrode attached to 
the left ventricular myocardium. The baby’s weight 
at operation was 5-0 kg. She was discharged from 
hospital 10 days after surgery. Now, more than 2 
years later, she remains well and is maintained on 
digoxin only. From time to time her pacemaker has 
been reprogrammed. This was performed without 
difficulty and there has been no decrease in sensitivity. 


*The pacemaker used in each case was an Arco Unipolar 
Type B with an epicardial lead. 
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Figure Case 2, three weeks after initial implant. 


Discussion 


The purpose of this report is to illustrate the use of 
cardiac pacemakers implanted within the pleural 
cavity in small babies. Intrapleural pacemaker 
implantation in children has previously been 
reported but hitherto this technique has not been 
described in infancy.?~4 

There are certain criteria that should be adhered 
to. The pacemaker must be positioned in a site that 
will allow healing; it must be accessible for easy 
reprogramming and for future generator or lead 
replacement; it should be secure from trauma and be 
cosmetically acceptable. Problems related to growth 
cannot be avoided when dealing with young patients. 

Positioning the pacemaker within the pleural 
cavity has advantages. Even in small babies the chest 
cavity is large enough to accommodate the pace- 
maker without difficulty (Figure). A limited 
thoracotomy is an easy procedure at this age and is 
well tolerated. The left side is the more appropriate 
as it allows easier attachment of the pacing lead to 
the myocardium. The pacemaker is placed within 
the pleural cavity and the expanding lung anchors it 
to the parietal pleura. Fibrosis subsequently secures 
it in position. Migration of the pacemaker has not 
been a problem in our experience. Reprogramming 
when required has been performed without difficulty. 


Re-exploration was necessary in one of our 
patients. In this case the baby presented 6 months 
after his original surgery. The problem was failure of 
ventricular capture despite normal generator 
function. Radiographical investigation showed no 
sign of lead fracture or detachment. Because of the 
high pacing threshold required to achieve even 
intermittent capture the electrode was resited. At 
operation the pacemaker was easily exposed by a 
direct intercostal incision. It was firmly encased 
within a fibrous sac and was readily accessible 
should replacement of the generator have been 
required. The lead was resited in the myocardium 
and pacing resumed satisfactorily. The baby’s 
postoperative recovery was uneventful. This oper- 
ation illustrated the ease of access in small patients 
for replacement of intrapleural pacemakers. 

Intrapleural pacemakers are cosmetically more 
acceptable than those implanted subcutaneously. 
Unsightly bulges and the risk of wound dehiscence 
are avoided and the unit is protected from trauma. 

Generator failure and lead failure continue to be 
problems. Regardless of where the pacemaker is 
sited regular surveillance and reprogramming in the 
pacemaker clinic are mandatory. 

The siting of pulse generators within the pleural 
cavity for artificial cardiac pacing in infancy is well 
tolerated even by the newborn and has many 
advantages compared with more standard 
approaches. 


References 


1 Liu L, Griffiths S P, Gerst P H. Implanted cardiac 
pacemakers in children. A report of their application in 
five patients. Am J Cardiol 1967; 20: 639-47. 

Escano F B, Jr, Berroya R B, Gianfrancesco H, 
Macasaet R A, Khicha G C J. Intrapleural pacemaker 
generator in children. J Thorac Cardiovasc Surg 1971; 62: 
454-6. 

Lindesmith G G, Stiles Q R, Meyer B W, Jones J C, 
Stanton R E. Experience with an implantable synchronous 
pacemaker in children. Ann Thorac Surg 1968; 6: 358-64. 
Kahn D R, Stern A, Sigman J, Sloan H. An emergency 
method of handling broken pacemaker wires in children. 
Am J Cardiol 1965; 15: 404-6. 


to 


(a) 


Correspondence to Dr M Hickey, Our Lady’s 
Hospital for Sick Children, Crumlin, Dublin 12, 
Ireland. 


Received 7 April 1982 


> 


re 


Archives of Disease in Childhood, 1982, 57, 523-527 


Immune dysfunction in the presence of residual 
splenic tissue 


R C COHEN AND A FERRANTE 


Department of Paediatric Surgery and Department of Paediatrics, University of Adelaide, 
Adelaide Children’s Hospital, Australia 


SUMMARY Immunological function was examined in children who had undergone splenectomy, in 
8 for trauma, and in 11 for haematologic/oncologic reasons. Particular emphasis was placed on the 
effects of residual splenic tissue on immune function. Children in the elective group had no evidence 
of splenosis but 6 of the 8 trauma patients showed residual splenic activity. A general trend indicated 
that immunological dysfunction was associated with the presence of residual splenic tissue. Three 
patients with significant post traumatic splenosis showed low IgM levels, one also had a low IgG 
level and another a low IgA and impaired lymphocyte response to mitogens. The trauma patients 
with little or no splenic tissue had normal immune functions. Immunological abnormalities were 
found in 8 of the 11 haematologic/oncologic patients with no splenosis suggesting the abnormalities 
were possibly due to the primary disease. In contrast to the popular belief that splenosis confers 
protection against overwhelming sepsis, the present findings suggest that patients with residual 


splenic tissue are at a greater risk of infection because of a lower level of immune response. 


The spleen plays an important role in host resistance 
to infection.! Among the many properties of splenic 
tissue are the elaboration of specific immune 
responses and clearance of micro-organisms, and 


-old or injured red blood cells from the circulation.? ê 


Removal of the spleen either for trauma or for 
haematologic indications is well known to be 
associated with an increased incidence of morbidity 
due to sepsis.45 The risk of this is lowest after 
splenectomy for traumat and it has been suggested 
that the common occurrence of post-traumatic 
splenosis may provide protection against over- 
whelming sepsis in such children. However, 
clinical evidence of morbidity and mortality from 
sepsis in patients with well documented evidence of 
splenosis would seem to cast doubt on the pro- 
tective nature of residual splenic tissue.* 7—® In the 
present study we compared the immune function of 
patients with and without residual splenic tissue 
after splenectomy for either traumatic or haemato- 
logic indications. 


Patients and methods 


The study comprised 18 children who underwent 
splenectomy at Adelaide Children’s Hospital for 
either trauma or haematologic indications and one 
boy, aged 9 years, who had a complete splenic 


avulsion injury diagnosed on nuclear scan and 
treated non-operatively in 1980. Seven patients (4 
boys and 3 girls) aged 8 to 13 years underwent 
splenectomy during the period 1966-75 for blunt 
splenic trauma. At laparotomy all had either 
lacerated or transected spleens. At the time of 
restudy their ages ranged from 10 to 24 years. The 
remaining 11 patients (6 boys and 5 girls) aged 3 to 
13 years were also studied. These patients underwent 
elective splenectomy during the period 1970-81 for 
haematologic indications (3 for thalassaemia major, 4 
for hereditary spherocytosis, 2 foridiopathicthrombo- 
cytopenic purpura, and 2 for staging of Hodgkin’s 
disease). The ages of these patients at restudy were 
6 to 32 years. The 2 patients with Hodgkin’s disease 
were chosen because they had completed their 
course of treatment at least 3 years previously. One 
of these was stage 1A treated with local radio- 
therapy, the other was stage IVA treated with 
radiotherapy and chemotherapy. Each thalassaemic 
patient had a routine whole blood transfusion one 
month before being investigated. 


Methods for determining residual splenic tissue 


Two methods were used to detect residual splenic 
tissue: “*=Tc phytate liver/spleen scan and assessing 
the percentage of circulating ‘pitted’ red cells by 
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interference phase microscopical examination. Ven- 
ous blood was taken from all patients just before 
performing a nuclear liver/spleen scan, so that only 
one venepuncture was required. Blood was taken 
from 10 normal control children with no known 
haematologic, splenic, or hepatic disease. The blood 
was treated according to the method of Holrovde et 
al.° One drop of blood was immediately placed into 
0-5 ml of phosphate buffered glutaraldehyde 
solution, pH 7-4. This. was examined as a wet 
preparation with oil objective Jens on an Olympus 
interference phase contrast microscope using 
Nomarski optics (x 1250); 2000 cells were in- 
dividually scanned on two separate specimens from 
each patient to determine the percentage of ‘pitted’ 
red cells. 

The liver/spleen scans were carried out using a 
Searle Pho. Gamma IV Gamma camera, fitted with 
either a low-energy all-purpose, or diverging colli- 
mator as appropriate to the patient’s size. Each 
patient was injected intravenously with 70 uCi/kg 
mtechnetium phytate. Images were obtained about 
10 minutes after injection when the maximum 
liver/spleen uptake of the radionuclide occurred. 

Routine liver/spleen views were performed in- 
cluding anterior, right lateral, posterior, left 
posterior oblique, and left anterior oblique positions. 
Anterior views of the pelvis and abdomen were 
also obtained to identify the presence and site of 
possible splenoses. Each scan took about 30 
minutes. 

In one case, where difficulty was encountered in 
visually separating residual splenic tissue from the 
left lobe of the liver, scanning was done using 
autologous, technetium labelled, heat affected red 
cells. 

We found it difficult to assign accurate volumes to 
the residual splenic tissue. Using simple geometrical 
calculations we looked at a range of normal spleens 
and found that the calculations yielded volumes 
which correlated well with spleen weights from 
necropsy studies. In most of our cases, the 
residual spleen was clearly spherical which made 
calculation easy and probably reasonably accurate. 
With other shapes of residual spleen we used the 
geometrical models which seemed appropriate. We 
related our calculated volumes to the volume we 
regarded as normal for the patient’s age, and 
expressed the volume of residual splenic tissue as a 
percentage of normal. . 


Immune function studies 
Mononuclear leucocytes (MNL) and polymorpho- 


nuclear leucocytés (PMNL) were prepared using the 
method of Ferrante and Thong.” Briefly, heparinised 


blood samples were layered on to Ficoll-Hypaque 
medium density 1-114 g/ml. After centrifugation 
for 30 min, the MNL and PMNL were recovered as 
distinct cellular fractions at the interface and 
between the interface and the sedimented erythro- 
cytes respectively. The cell populations both of 
>95 % purity were washed three times in medium 199. 

The percentage of T- and B-cells in the MNL 
fraction was enumerated by the E-rosette technique?’ 
and binding of FITC-labelled goat anti-immuno- 
globulin.?4 Lymphocyte transformation studies were 
performed as previously described. Briefly, to each 
well of a microtitre plate was seeded 2 x 10° 
lymphocytes (MNL) in 0-1 ml RPMI 1640 medium, 
supplemented with 10% heat-inactivated fetal calf 
serum. Lymphocytes were stimulated by addition of 
either 0:1 ml phytohaemagglutinin (1-0 pg/ml), 
Concanavalin A (12-5 ng/ml), or pokeweek mitogen 
(50 pg/ml), reconstituted in the above medium. 
Cultures were incubated at 37°C for 72 hours in an 
atmosphere of 5% CO,/air and high humidity, and 
pulsed with 1-0 uCi (3H) thymidine 6 hours before 
harvest. The samples were counted in a Packard 
Tricarb liquid scintillation spectrophotometer. The 
results were expressed as stimulation index (SI); in 
which 


cells -+ mitogens (counts/min) 
ST = a 
cells only (counts/min) 


PMNL chemotaxis was performed by the agarose 
technique. Torulopsis glabrata activated human 
serum- was used as a source of chemotatic agent. 
Leucocyte iodination was carried out by the semi- 
automated method!#; PMNL bactericidal and 
fungicidal activity was measured using Staphylococcus 
aureus" and T. glabrata. +° 

Serum level of immunoglobulin classes (IgA, IgG, 
IgM) and complement components (C3, C4) were 
measured by the radial immunodiffusion technique 
(Behring, West Germany). Total haemolytic com- 
plement was measured by determining the amount of 
complement source needed to produce lysis of 50% 
of opsonised sheep red blood cells and expressed as 
CN, units/ml. 

Patients were tested twice, 4 months apart, and 
results paesented as the mean. During the per- 
formance of each test, blood from healthy indi- 
viduals was included as a control. 


Results 


The proportion of ‘pitted’ red blood cells in 10 
normal control patients was less than 1%. None of 
the 11 children whose spleens had been removed 
electively had evidence of residual splenic activity on 
nuclear scan; they had an average of 45% ‘pitted’ 
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red blood cells (range 33—57 °%). Six of the 8 trauma 
patients had nuclear scan evidence of residual 
splenic tissue ranging from 2 to 70°% of normal 





| 
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1 
Fig. 1 Left anterior oblique liver/spleen scan of a 
21-year-old patient 10 years after splenectomy for 
traumatic laceration. Residual splenic tissue (arrowed ) 
represents about 20% normal splenic volume: 15% of 
the RBCs were ‘pitted’. 





2 

Fig. 2. Left posterior oblique liver/spleen scan of 
9-year-old boy 1 year after avulsion, the residual 
splenic tissue (arrowed) represents about 45% normal 
splenic volume: 0-6% of the RBCs were ‘pitted’. 
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splenic volume (Figs 1-2). However, only 4 of the 
8 patients showed splenic activity when assessed by 
percentage of ‘pitted’ red cells with values of 0-4, 
0-6, 10, and 15%. There was no association between 
the degree of splenosis and the severity of the 
splenic injury. 

Two patients with about 2 and 7% of normal 
splenic volume on scan were within the range of the 
asplenic patients when assessed by percentage of 
‘pitted’ red cells, with values of 54 and 40% re- 
spectively. As the liver/spleen scan was a more 
sensitive indicator of splenosis the results from this 
technique were used to determine the relationship 
between splenosis and immune function. 

All patients splenectomised for trauma showed 
normal levels of T- and B-cells, while 5 of the 11 
patients who had undergone elective splenectomy 
had low T-cell numbers (Fig. 3). The B-cell numbers 
in the elective splenectomy group were within the 
normal range. 

The patient with approximately 70% normal 
splenic volume showed greatly reduced mitogen- 
induced lymphocyte response to phytohaemagglu- 
tinin, pokeweek mitogen, and Concanavalin A with an 
SI less than 5, the lower limit of the normal response. 
In addition, IgA (0-53 g/l) (normal range = 0-8-4-8 
g/l) and IgM (0-3 g/l)) (normal range = 0-5-2-0 g/l) 
were below the normal ranges.'® This patient devel- 
oped severe bronchopneumonia 4 years after splen- 
ectomy and has also had more frequent minor 


T cells (%) 





Trauma 


Haematologic /oncclegic 
indications 

Fig. 3 T cell numbers in patients splenectomised for 

trauma ( ©) or haematologic/oncologic indications: 

thalassaemia (W), ITP ( a), spherocytosis ( @), 

Hodgkin's disease (¢ ). ( ) represents normal range. 
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Fig. 4 Serum IgM levels in patients splenectomised 
for trauma ( O) or haematologicjoncologte indications: 
thalassaemia (mg), ITP (a), spherocytosis ( @), 
Hodgkin's disease (3). Normal range (——) 

depicting 2 SD concentrations. 


upper respiratory tract infections since splenectomy. 
The other patients in the trauma group demonstrated 
normal lymphocyte responsiveness to mitogen. Levels 
of IgM were depressed in all 3 patients who demon- 
strated the most residual splenic tissue with values of 
a similar order to the treated Hodgkin’s disease 
patients (Fig. 4). The patient with 45 % normal splenic 
volume also showed a low level of IgG (6-6 2/D; 
normal range = 7-20-19-20 g/l. The remaining 
patients in both groups did not demonstrate 
immunoglobulin levels below the normal range. 

There was a general depression of lymphocyte 
responsiveness to mitogen stimulation in patients 
in the elective group compared with the trauma 
group. Seven of the 11 patients demonstrated 
a lymphocyte SI less than 10 in response to at least 
one of the mitogens and 3 patients (2 thalassaemia, 
1 spherocytosis) had an SI less than 5, the lower 
limit of the normal response. Two patients with 
thalassaemia developed bronchopneumonia, one had 
7 episodes of bronchopneumonia in the 4 years after 
splenectomy, the other also developed S. aureus 
septicaemia 5 years after splenectomy. Both 
Hodgkin’s disease patients developed herpes zoster 
infections. 

Complement levels (C3, C4, and CHo and 
PMNL functions were normal in both groups of 
patients. 


Discussion 


The increased risk of fulminant and fatal sepsis in 
splenectomised individuals at all ages, in particular 
infants and children, has now been established by 
large population studies.* Individuals who undergo 
splenectomy for haematologic and oncologic con- 


ditions have a greatly increased mortality and 
morbidity owing to sepsis. These clinical observations 
are substantiated by our finding that 8 (73%) of 
the 11 children splenectomised for medical reasons 
and without evidence of residual splenic tissue, had 
at least one reduced immune parameter. In contrast, 
patients splenectomised for trauma without residual 
splenic tissue had normal immunological function, 
suggesting that the immune abnormalities in the 
elective group were possibly due to their primary 
disease. ) 
Experiments on animals have demonstrated the 
immunological benefits of partial splenectomy com- 
pared with total splenectomy.?” Such findings have 
suggested that patients may benefit from splenic 
autotransplants at the time of splenectomy or 
splenic. artery ligation, and that residual splenic 
tissue may constitute a protective mechanism 
against overwhelming sepsis. However, there are 
reports in children and adults of severe and even 
lethal post-splenectomy septicaemia despite the 
presence of splenic tissue seen on isotope scan and 
at necropsy.‘ *-*18 Furthermore, while some in- 
vestigators have shown that splenosis in experi- 
mental animals resulted in reduction of mortality 
rate,!® others found that splenosis did not enhance 
blood stream clearance of pneumococcus,™ which is 
the causative organism in half the cases of over- 
whelming post-splenectomy infection.* Splenosis is 
a common occurrence after splenectomy for 
trauma®* and this finding is supported by the 
present study. Clinical and experimental findings 
suggest that residual splenic tissue may not be 
protective. Indeed, in our study three patients with 
approximately 70%, 45%, and 20% of normal 
splenic volume demonstrated abnormal immune 
function. . 
Mouse experiments have demonstrated an im- 
portant function of the spleen is to generate sup- 
pressor and amplifier lymphocytes.” *8 These two 
functions are important in co-ordinating antibody 
responses. Possibly, in patients with a critical mass 
of residual splenic tissue the balance between sup- 
pressor and amplifier cell function is disturbed so 
that the suppressor activity predominates. This 
may account for or contribute to the abnormal 
immune function observed in our patients. The 
reduced immunological reactivity may predispose 
the individual to bacterial infections or it may be 
responsible for increased susceptibility to viral 
infections, which may subsequently compromise the 
host to convert an asymptomatic carrier state into 
a fulminant pneumococcaemia.?4 
Autotransplantation of splenic tissue or splenic 
artery ligation as methods of management cf the 
ruptured spleen have been suggested on the basis of 
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animal experiments in order to preserve some of the 
immunological function of the spleen. The data 
from our study suggested that information based on 
these animal studies may not be translated into the 
human situation. 


We thank Mr BS Douglas, ProfessorG M Maxwell, 
Professor Y H Thong, Dr K Cheney, Dr J Savage, 
and Dr I Toogood for help and encouragement and 
the consultant surgeons of the Adelaide Children’s 
Hospital for access to their patients. 
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Antenatal infections with Candida species 
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SUMMARY The clinical, pathological, and microbiological features of 18 pregnancies complicated 
by intrauterine infection with Candida sp. are described. Chorioamnionitis with Candida sp. can be 
recognised macroscopically at birth. Penetration of the umbilical cord and membranes is associated 
with an intense fetal inflammatory response. The infection characteristically presents in infants of 
very low birthweight as pneumonia or a skin infection. In nearly every case the organism can be 
recovered from the gastric aspirate. A case control study showed that there is a striking association 
between chorioamnionitis caused by Candida sp. and the presence of a foreign body (an intrauterine 
contraceptive device or a cervical suture) in the mother’s genital tract in pregnancy. This feature in 
the perinatal history of an infant of short gestation who exhibits a very high neutrophil count should 


alert the clinician to the possible presence of chorioamnionitis due to Candida sp. 


Despite the frequency and ease with which Candida 
species are isolated from the genital tracts of pregnant 
patients,!~* antenatal fetal infections with this group 
of organisms are rare. Larroche and colleagues® have 
reported probable cases of congenital candidiasis, 
but Benirschke and Raphael® described the first 
definitive case in which invasion and proliferation 
within fetal tissues by a Candida sp. was detected at 
birth when they described chorioamnionitis and 
funisitis in a stillborn infant. Since then at least 30 
other cases have been reported,’~?! even though not 
all cases have had detailed examinations of the 
placenta and membranes. 

This paper adds 18 further cases to the literature. 
A review of the previously reported cases, and of 
the clinical features in our infants, reveals a syn- 
drome that differs in many respects from that seen 
in infections with a haematogenous dissemination of 
Candida sp. 


Materials and methods 


McMaster University Medical Centre is the regional 
referral centre for high risk pregnancy for the south 
central region of Ontario. About 80% of deliveries 
are to women with high risk pregnancies. 

As part of the routine review of placentae from all 
deliveries in our hospital, 18 cases of Candida sp. 
chorioamnionitis and funisitis were diagnosed 
between the years 1973 and 1981. During this period 
about 9000 placentae were received and 3500 
examined. The placental and umbilical cord lesions 
were confirmed with conventional histological 


examination using several different staining tech- 
niques. Specimens from 4 of the most recently 
diagnosed cases were submitted for scanning 
electron microscopical examination as well. 

Details of gestation, birthweight, complications of 
pregnancy, the infant’s postnatal clinical course, and 
laboratory investigations were obtained from the 
clinical records. 

In order to assess the importance of the antenatal 
and postnatal data a case control study was initiated. 
For each infant with Candida sp. chorioamnionitis 
a control was sought from the list of all infants 
delivered in McMaster University Medical Centre 
from 1977 to 1981. To qualify as a control, the birth- 
weight of an infant had to be within 25 g of that of 
the case: from the number of infants qualifying for 
each case, one was selected using random tables. 
The chart of the control infant was then reviewed to 
compare the clinical, haematological, and micro- 
biological features with the case of Candida Sp. 
chorioamnionitis. Statistical comparison was by 
Wilcoxon’s two sample rank sum test or by the 
exact probability test of Fisher. 

There were 7 deaths in this series and in 6 of these 
infants a detailed necropsy examination was possible. 


Results 


Changes in the umbilical cord and placenta. Discrete 
rounded yellow plaques, the pathognomonic 
changes®-8 11 14 17-19 of Candida sp. funisitis, were 
seen in the umbilical cord and membranes. These 
lesions varied in size from 0-5 to 2 mm and appeared 
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in clusters (Fig. 1). Microscopical examination of 
the affected cords generally showed other minute 
lesions that had not been identified by the naked eye. 
In 11 cases the fetal surface of the placenta was 
covered with a diffuse exudate without specific 
distinguishing morphological features; in 7 cases 
small yellow colonies clustered around the insertion 
of the cord were present and the remainder of the 
fetal surface of the placenta was spared. 
Histological examination showed the subamniotic 
distribution of the lesions on the cord (Fig. 2). They 
were strung out on its surface like a necklace. In 
some areas, these lesions were associated with 
irregular degeneration of Wharton’s jelly, and they 
were always accompanied by intense diapedesis 
of fetal inflammatory cells through the walls of the 
umbilical vessels. In places where the lesions overlaid 
superficial vessels a distinctive pattern could be seen. 
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Fig. 1 Umbilical cord showing clusters of small yellow 
focal lesions on amniotic surface. 








Fig. 2. Low power view of transverse section of cord. 
Note the subamniotic lesions (upper right) strung out 
along the surface. Papanicolaou stain x 16. 
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Here those segments of the umbilical vessels 
orientated towards the superficial lesions showed 
evidence of fibrinoid change in the media with an 
accompanying inflammatory cell infiltrate in their 
wall, but segments of the vessel wall away from the 
lesions showed far fewer, if any, alterations. These 
appearances suggested a strong chemotactic in- 
fluence on the fetal inflammatory cells. 

The numbers of organisms present varied con- 
siderably from case to case, and even from one 
lesion to the next in the same case. In some plaques, 
large numbers of organisms could be identified, 
proliferating freely on the surface of the cord with 
little evidence of any significant inflammatory 
response. 

In other plaques, the organisms were ensheathed 
in fibrin and were far fewer in number (Figs 3 and 4). 

As the organisms penetrated the umbilical cord, 
they evoked a very dense cellular response which was 
composed of polymorphonuclear leucocytes and 
mononuclear cells in about equal proportions. The 
mononuclear cells stained positively with chloro- 
acetate esterase, indicating that they were myelocytes. 
In the deeper planes of the lesions the organisms were 
extremely difficult to identify, and they failed to 
stain as densely as at the surface suggesting pro- 
gressive destruction of the cell wall. 

None of the placentae showed evidence of 
inflammatory changes affecting the chorionic villi or 
decidual plate. 


Surface of plaque showing numerous yeasts and 
pseudohyphae, Gomoris methenamine silver x 250. 


Fig. 3 
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Fig. 4 (A) Scanning electron micrograph of surface of yeast-rich plaque x 2800. (B) Same plaque as (A), x 5600. 
(C) Scanning electron micrograph of plaque with very few organisms x 2800. (D) Same plaque as (C) showing a 
single yeast covered with fibrinous strands x 5600. All illustrations are from the same umbilical cord and show 

the considerable degree of variation that may be encountered in a single case. 


Maternal antenatal clinical features and com- 
plications of pregnancy. The details of the antenatal 
histories of the mothers of the 18 cases are given in 
Table 1 and compared with those of the mothers of 
weight-matched controls. 

All except one pregnancy were of short gestation, 
12 of them less than 28 (range 18-37) weeks; this 
distribution was almost exactly matched by that of 
the controls. Seven mothers had experienced previous 
fetal losses before 20 weeks and in 5 there had been 
repeated spontaneous abortions. In 6 cases the 
membranes had ruptured more than 24 hours before 


Table 1 Features of antenatal and perinatal histories 
of mothers in whom Candida chorioamnionitis was 


identified compared with controls (*P<0-01 **P<0-001) 





Cases Controls 
(n=18) (n=18) 
Maternal age (median) years 25 26 
Gestation at delivery (median) (weeks) 25 27 
No of previous pregnancies (median) 2 2 
No with diabetes | 0 
No with urinary tract infection 0 0 
Ruptured membranes > 24 hours 6 5 
Tocolytic therapy 13 12 
Antibiotics in labour 3 
Steroids in labour 5 4 
Intrauterine contraceptive device in pregnancy 8 0= 
Cervical suture in pregnancy 5 l 
Total foreign bodies in pregnancy 13 [=> 





delivery, while in 6 the membranes were still intact 
one hour before delivery. There was an attempt to 
inhibit labour with isoxsuprine and sometimes with 
ethanol in 13 mothers, 5 of whom were given 
betamethasone in an attempt to lessen the sub- 
sequent risk of hyaline membrane disease in the 
infant. In 8 mothers chorioamnionitis was suspected 
or demonstrated and antibiotics were administered. 

Eight mothers had intrauterine contraceptive 
devices (copper in 7) present throughout pregnancy. 
Five mothers, all of them with repeated previous 
fetal losses, had cervical sutures in place for the 
treatment of cervical incompetence. When compared 
with the control group there was a striking pre- 
dominance in the cases of pregnancies complicated 
by the presence of a foreign body in the cervix 
(72°% compared with 1%). This difference is highly 
significant (P<0-001) and is largely attributable 
to the mothers with intrauterine contraceptive 
devices (P<0-001). The difference in incidence of 
cervical sutures did not reach significance (P = 0-08) 
on its own, perhaps because there were fewer patients. 

There was a significant difference in the numbers 
of mothers who had experienced repeated fetal losses 
(P = 0-02) and among these were the mothers who 
had received cervical sutures. There were no sig- 
nificant differences in the numbers of pregnancies 
complicated by prolonged rupture of membranes, 
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Table 2. Neonatal course in infants born from 
pregnancies in which Candida chorioamnionitis was 
identified compared with controls 





Cases Controls 
(n= 18) (n= 18) 





Birthweight median (g) 860 880 
Abortion l l 
Stillborn l l 
Neonatal death 3 5 
Skin rash* 5 0 
Pneumonia on chest x-ray film* 5 0 
Treated with amphotericin B* 7 0 





*Numbers apply to 13 cases and 12 controls surviving first day of life. 


diabetes, or urinary tract infections, nor were there 
significant differences in the numbers of mothers 
treated with tocolytic therapy, steroids, or anti- 
biotics. 


Clinical course. These features are summarised in 
Table 2. Three infants died before or within an hour 
of birth, one died at 6 days, and one died of broncho- 
pulmonary dysplasia at 14 weeks. 

Of those who survived the immediate perinatal 
period 4 developed a skin rash and 5 had radio- 
logical signs of pneumonic consolidation quite 
distinct from other forms of lung disease; one of 
these infants had both the rash and pneumonia. The 
skin rash was characterised by small papulo- 
vesicular lesions with an areola of erythema occur- 
ring in clusters which characteristically started on 
the face and progressed down the trunk. One infant 
who had neither rash nor pneumonia developed a 
perforation of the intestine. Candida sp. was present 
in the bowel lumen and blood culture became 
positive for Candida sp. However, no disseminated 
haematogenous infection was apparent and there 
was no evidence of vasculitis in the resected segment 
of bowel. This infant was the only member of our 
series in whom the blood culture was positive for 
Candida sp. 

Three infants, all of whom were greater than 
2 kg in birthweight, were asymptomatic. 

All infants were treated with a combination of 
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oral and topical nystatin. In 8 infants in whom 
clinical and haematological features suggested 
disseminated infection, systemic amphotericin B 
(0-25 mg/kg a day) was given as well. This appeared 
to produce prompt clinical remission of clinical 
features, although in 3 cases the administration of 
the drug was associated with episodes of bradycardia 
and hypotension. 

The species isolated were Candida albicans in 15 
cases and Candida parapsilosis, Candida tropicalis, 
and Candida stellatoidea in one each of the remain- 
ing three. In one case colonies of Candida sp. were 
identified on the cord and placenta while cultures of 
gastric aspirate and superficial cultures were 
negative. Of the remainder, 10 out of 13 from whom 
samples were collected had positive gastric aspirates 
and 12 out of 14 had positive skin cultures. Fourteen 
babies had samples cultured from cerebrospinal 
fluid and blood: all these were negative. All 5 babies 
with radiological changes of pneumonia had positive 
endotracheal cultures for Candida sp., and the 
organism was recovered from the skin lesions of all 
5 infants presenting with skin rashes. In 13 babies in 
whom urine was collected (2 from suprapubic 
aspirates and 11 from bag collections) there was no 
growth of Candida sp. No positive cultures for 
Candida sp. were found in the 14 controls investi- 
gated; gastric aspirates, skin, blood, and urine 
samples were collected from 11 control babies. 

Table 3 shows the highest white cell counts and 
their differentials in babies who survived the 
immediate perinatal period. Characteristically the 
white cell counts were highest in the first few days of 
life; in 10 of our cases the highest counts were 
recorded within the first 3 days of life. Babies with 
candidiasis showed extreme increases in white cell 
counts due largely to a pronounced increase in 
neutrophils both as segmented forms, band forms, 
and other immature forms—that is myelocytes, 
promyelocytes, and mayeloblasts. This extreme 
polymorphonuclear leucocytosis with a marked 
shift to left exceeds that usually seen in infants of 
similar gestation with proved bacterial sepsis.?? 

Because of the likelihood of introducing sampling 


Table 3 Highest recorded white cell counts from 15 cases of Candida chorioamnionitis compared with 14 controls 

















Candidiasis Controls 

Count x 109/I Count x 109/I 

Median 10-90 centile Median 10-90 centile P 
Total white cell count 62-2 23-6-91-0 20-8 15-6—-35-7 <0-005 
Segmented neutrophils 41-5 8-4-71-6 11-7 4-4-25-0 <0-001 
Band neutrophils 2-4 0-2-19-0 0-6 0-0-5-3 <0-005 
Immature neutrophils 1-7 0-0-12-8 0-0 0-0- 1-1 <0-001 
Lymphocytes 8-1 5-3-13-0 5-4 2-9-12-2 <0-02 
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errors by taking peak values alone, haemato- 
logical values were taken for each case and control 
from the Ist, 7th, and 14th days of life: values were 
used only if full sets of data were available for both 
cases and controls for the day. We were therefore 
able to compare the group values of 13 pairs on the 
Ist day, 9 pairs on the 7th, and 5 pairs on the 14th. 
The age at which the blood was collected was 
compared by Wilcoxon’s two sample rank test and 
no significant differences were found between cases 
and controls: 7 cases and 8 controls had blood 
samples taken within one hour of birth, and in both 
groups all but one sample had been collected in the 
first 6 hours. The results (Figs 5 and 6) confirm the 
pronounced increase in neutrophils in both seg- 
mented and immature forms in infants with 
candidiasis compared with controls of similar 
weight and gestation. 
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Segmented neutrophils x 109/1 
8 





9 Day 1 Day 7 Day 14 
Median 131 48 214 &0 204 145 
P<0-01 P< 005 


Fig. 5 Distribution of segmented neutrophil counts in 
infants with Candida chorioamnionitis compared with 
controls. 
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Fig. 6 Distribution of immature neutrophil counts in 
infants with Candida chorioamnionitis compared with 
controls, 


The lymphocyte series showed little or no response 
to the infection: the difference demonstrated in the 
peak counts was not significant in the matched 
counts done on specific days. 


Necropsy findings in fatal cases. Of the 5 fatalities 
in this series, 4 occurred in the early perinatal period, 
and one after a period of 14 weeks. Necropsy 
examinations were performed on the bodies of 3 of 
the 4 perinatal deaths, and on the single infant death. 

In the first day perinatal deaths a diffuse pneu- 
monitis was present, and budding yeast forms 
could be identified in the inflammatory exudate. 
within the airways, most noticeably within the 
cytoplasm of syncytial giant cells. The stomach in 2 
of the infants was filled with a mucoid felted mass 
which histological examination showed to be made 
up of numerous budding yeasts and pseudohyphae 
embedded in inspissated mucus. Otitis media with 
yeast penetrating the mucosa of the middle ear was 
identified in one infant and multiple plaques with 
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pseudohyphae penetrating the oesophageal 
epithelium was identified in another. There was no 
evidence of a meningitis associated with Candida sp. 
nor was there any evidence of generalised haemato- 
genous dissemination. 

~ The infant who died at 14 weeks postnatally had 
been treated with nystatin and amphotericin B. His 
skin rash had disappeared and the infiltration seen 
on the x-ray film had resolved several weeks before 
his death. At necropsy there was no evidence of 
residual fungal infection: he had succumbed to 
hydrocephalus, complicating previous intraventricu- 
lar haemorrhage, and bronchopulmonary dysplasia. 


Discussion 


Although about 25% of all pregnant women carry 
the Candida sp. organisms in their vagina,)+ 
intrauterine infections are rare. With the exception 
of the review of Batista and Pereira,® most of the 
literature’! consists of reports of small series or 
individual cases. The benefits of a retrospective 
feview and the fairly large number of personally 
studied cases allow us to stress some features that 
may be of significance. 

A remarkable feature of our series is that the 
mothers of 13 of the 18 infants had a foreign body 


-in situ in the genital tract. The mother of the fetus 


described by Ho and Aterman?® was also using an 
intrauterine contraceptive device. It is known that 
Candida sp. infections can be a complication of 
indwelling catheters, whether in the urinary bladder 
or intravascularly,** #4 and the belief that the 
presence of an intrauterine foreign body (either a 
cervical suture or a contraceptive device) con- 
tributed to intrauterine colonisation with Candida sp. 
has some plausibility. Many of the cases reported 
in the literature predate the widespread use of 
intrauterine contraceptive devices. It is possible 
that more cases of Candida sp. infections will occur 
in instances where, despite the use of an intra- 
uterine contraceptive device, a pregnancy occurs, 
Furthermore, in instances where a foreign body is 
present in the uterus, prolonged rupture of mem- 
branes would mot be a necessary factor to produce 
an intrauterine infection. 

A review of the previously reported cases reveals 
several patients who, like two-thirds of our patients, 
did not have evidence of ruptured membranes in 
excess of a duration of 24 hours.§-® 12-15 21 Ag far as 
can be ascertained, in none of the cases reported by 
Batista and Pereira’ can prolonged rupture of 
membranes be implicated in the development of 
chorioamnionitis, since the organism was recovered 
from amniocentesis in 12 of 55 patients. Clearly, 


Antenatal infections with Candida species 533 


prolonged rupture of membranes, classically regarded 
as one of the main predictors (and cause) of chorio- 
amnionitis, is not a reliable indicator of the likelihood 
of developing Candida sp. chorioamnionitis. It 
appears that Candida sp. may be able to penetrate 
‘intact? membranes, even though the pathogenesis is 
not understood. 

Infection with Candida sp. can be diagnosed at 
birth by a careful examination of the cord and 
membranes. The discrete yellow plaques and 
nodules are characteristic, and the necklace-like 
arrangement of the cord lesions is one with which 
obstetricians as well as neonatal paediatricians 
should be familiar. (Monilia, an alternative name for 
this group of yeasts is derived from Latin: a neck- 
lace.) The nature of the lesions can be confirmed by a 
rapid section if necessary, but the importance of 
identifying them with the naked eye cannot be 
overemphasised, since the appropriate laboratory 
investigations to confirm the diagnosis can be 
initiated with little delay, and the correct inter- 
pretation of clinical and radiological findings is 
facilitated. 

We believe that the necropsy findings in our 
perinatal deaths and in other reported cases are of 
interest. Even with widespread congenital disease, 
the pattern of organ involvement suggests slowly 
spreading infection affecting the skin and con- 
tiguous mucosal surfaces (pharynx, oesophagus) 
with spread due to aspiration and swallowing of 
contaminated material. We did not see evidence 
of haematogenous dissemination at necropsy. In 9 of 
our cases there was gradual progression of infection 
despite negative cultures from traditional deep 
sampling sites. Cultures taken from traditional sites 
of investigation for neonatal bacterial sepsis—that 
is blood, suprapubic bladder tap, cerebrospinal 
fluid—may remain negative despite the presence of 
severe generalised Candida sp. infection. 

Our decision to use a systemic antifungal agent in 
some of these babies may be questioned. However, 
this decision was made on the basis of their deter- 
iorating clinical state, despite adequate antibacterial 
therapy, and the knowledge that there was evidence 
of Candida sp. chorioamnionitis and funisitis. Treat- 
ment with amphotericin may itself be hazardous, 
and we are not in a position to recommend its 
universal use in this condition. 


The 3 largest and most mature infants in our series 
showed no evidence of any infection during their 
postnatal stay in the nursery. The data in our series 
and in other reports suggest that the outcome and 
course of congenital Candida sp. infections are 
related to the gestational age of the infant. Com- 
bining the previously reported cases with those in 
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our series it would appear that 3 possible modes of 
presentation and clinical outcome exist. The most 
immature infants may be stillborn, or very early 
neonatal deaths, and may have widespread pneu- 
monia and sometimes other surface infections 
(dermatitis, vulvovaginitis, balanitis, conjunctivitis), 
but without evidence of haematogenous dissemina- 
tion at necropsy. It is worth noting that, with the 
inclusion of cases from the present series, 9 of the 13 
perinatal deaths have occurred in infants of 28 
weeks’ gestation or less. In one of these cases, a 
lethal malformation was present (anencephaly) 
while in many of the others, severe immaturity was 
an obvious contributing factor; this was discussed 
in detail by Ho and Aterman.! 

‘ A less severely affected group of infants may 
present with surface infections as described above 
and may require topical antifungal therapy. Their 
condition may deteriorate with evidence of pneu- 
monitis, and systemic antifungal therapy may be 
indicated. In the accumulated literature and present 
series, in 20 of the 24 infants with such a pattern of 
presentation the gestational age was between 29 and 
36 weeks. The haematological abnormalities in our 
infants suggest a method of monitoring the progress 
of disease. The presence of increased white cell 
counts, with very high levels of segmented neutrophils 
and immature cells in the peripheral blood might 
alert the clinician to the diagnosis and could be 
used to follow the response to treatment. 

The least severely affected group, despite evidence 
of chorioamnionitis and funisitis, will show no 
evidence of any other infection and will be asympto- 
matic. Of the 5 infants in the literature and this 
series who were asymptomatic, 3 had a gestational 
age in excess of 37 weeks. 

It could be argued that the different patterns of 
response to Candida sp. infections are due to a 
variable degree .of immunological: maturity. Our 
findings at necropsy indicate that an appreciable 
cellular response to the presence of Candida sp. in 
the lungs exists, and there is ample evidence of a 
fetal cellular response in the cord and membranes 
and in the peripheral blood. Morphological studies 
alone however, do not constitute an accurate 
assessment of immunological function, and a 
complete picture of the immune response in fetuses 
and neonates to Candida sp. infections could only be 
answered by a detailed prospective study. Any such 
investigation would have to take into account the 
fact that antibodies to Candida sp. that may be 
present in the umbilical circulation could reflect 
anti-Candida sp. antibodies of IgG type in the 
mother.*5 

The syndrome seen in congenital candidiasis is 
very different from that seen in widespread haemato- 


genous dissemination of Candida sp.** *4 2827 There 
is at least one case of congenital candidiasis how- 
ever, that eventually developed into a blood 
disseminated disease.*® While there was no mention 
of the placenta, membranes, or cord in this case, 
Candida sp. was seen in the gastric aspirate at birth. 
The probable significance of this finding does not 
appear to have been appreciated, despite the 
development of respiratory distress and radiological 
evidence of an aspiration syndrome. Candida sp. 
was isolated from the endotracheal tube several days 
later, but the infant then developed a meningitis 
and arthritis, and was treated successfully with 
amphotericin B. It would seem to us that some cases 
of ‘congenital candidiasis’ could develop a dis- 
seminated, haematogenous pattern of involvement of 
other organs, as exemplified by the case cited above. 
The true number of such cases would be impossible 
to assess retrospectively, without detailed knowledge 
of the state of the fetal organs. 

This series of 18 cases shows that congenital 
infections with Candida sp. can be anticipated by 
their association with foreign bodies in the genital 
tract In pregnancy and diagnosed by careful examin- 
ation of the cord and membranes in the delivery 
room. An infant of very low birthweight who 
develops a very high neutrophil count with immature 
forms may well be infected with Candida sp. Close - 
co-operation between obstetric and paediatric staff 
in the perinatal period will promote the early 
recognition and treatment of this disease. 


We thank Dr P T Mohide, Department of Ob- 
stetrics, for advice and assistance, Ms C Williams 
for help with record analysis, and Dr Mary 
Richardson for scanning electron micrographs. 
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Antenatal dexamethasone and subsequent 


lung growth 


Y C WONG, C S BEARDSMORE, AND M SILVERMAN 
Department of Paediatrics and Neonatal Medicine, Institute of Child Health, Hammersmith Hospital, London 


SUMMARY Long-term effects on lung size and lung mechanics were sought in a 12-month follow-up 
study of 15 infants of very low birthweight (<1500 g), 7 of whom had been exposed to antepartum 
dexamethasone (mean dose 21 mg). None of the infants had significant neonatal respiratory disease. 
No differences were found between dexamethasone-treated and control groups for thoracic gas 
volume, dynamic pulmonary compliance, or airways resistance during the first year of life. This 
suggests that the growth and development of the lungs are not adversely affected by antepartum 


exposure to dexamethasone. 


The value of antenatal corticosteroid administration 
in the prevention of the respiratory distress syndrome 
in preterm infants has become generally accepted 
since the work of Liggins and Howie.? Nevertheless, 
there is disquieting experimental evidence of adverse 
effects on the growth of newborn animals after 
intrauterine or neonatal exposure to  cortico- 
steroids.*~4 In particular Johnson and colleagues? 4 
have demonstrated in rhesus monkeys that altera- 
tions in neonatal lung growth and mechanics may 
. occur after only 3 days of antepartum betamethasone 
administration in a dose comparable with that used 
in human obstetric practice. The pulmonary effects 
appeared to be dose related.* Ill effects have been 
reported for other animal species.* 

This paper reports the results of lung function 
tests in a group of 15 infants of very low birthweight 
(VLBW; less than 1500 g}, 7 of whom had been 
exposed to perinatal corticosteroids. We sought 
evidence for any alteration in lung growth or 
mechanics during the first year of life that could have 
been associated with corticosteroid therapy. 


Patients 


During a prospective longitudinal study of the 
pulmonary sequelae of VLBW infants, we identified 
15 infants who had little or no neonatal lung disease. 
Five had transient tachypnoea,® requiring a brief 
period of added oxygen therapy. Two were mechanic- 
ally ventilated by endotracheal tube for 15 and 24 
hours, during transport and during and after 
operation for small-bowel resection, respectively. 
The mothers of 7 of the infants had been given 
intramuscular dexamethasone (mean dose 21-1 mg) 


during the 4 days before delivery, the first dose having 
been given a mean of 37 hours before delivery. One 
of the mothers had received only 4 mg, whereas the 
other 6 had all received at least 12 mg dexametha- 
sone. None of the other 8 infants had been exposed 
to corticosteroids. The mean birthweight and gesta- 
tional age® were significantly greater in the control 
group, which contained a high proportion of growth- 
retarded infants (Table 1). 

The infants were studied, as far as possible, at 6- 
monthly intervals for up to 12 months. The older 
infants were sedated (trichlory] 100 mg/kg) for 
whole-body plethysmography. Parental consent was 
obtained for the measurements, which were approved 
by the Research Ethics Committee. 


Methods 


In order to measure lung mechanics, the infant was 
placed in the right lateral position inside the 
plethysmograph. Once the infant was sleeping 
quietly, an oesophageal balloon catheter was inserted 


Table 1 Perinatal data (mean values +SE) 


Control Dexamethasone 

group treated 

(a= 8) (a==7) 
Birthweight (g) 1326 (52)** 1124 (82) 
Gestational age (weeks) 32-9 (0-6)*** 30-1 (0-6) 
Mate: female 4:4 3:4 
Inborn: outborn 6:2 5:2 
Light for gestational aget 7 3 
Membranes ruptured >24 hours 1 2 
Transient tachypnoea (soe text) 1 4 
Mechanical ventilation 1 { 


ep. 0-01, **P<0-001, SE standard error. 
+Less than 10th centile weight-for-age.14 15 
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orally into the stomach. Watching the oscilloscopic 
display of oesophageal pressure, the catheter was 
withdrawn slowly until the pressure signal became 
inverted, indicating that the balloon was then in the 
oesophagus. The rebreathing apparatus with its 
built-in pneumotachograph’ was then carefully 
manipulated into place, and the face mask sealed 
around the mouth and nose with Silicone putty, 
taking care to avoid pressure on the nose and to 
ensure a tight fit. The oesophageal balloon was then 
inflated bringing it into its working range.* Pulmon- 
ary conductance (Gp) and dynamic compliance 
(Cdyn) were calculated from at least 10 breaths of 
reasonable regularity.?~ |! 

Thoracic gas volume (TGV) and airways conduct- 
ance (GAW) were measured by an adaptation of a 
plethysmographic technique’ in which the infant 
rebreathed heated humidified gas at BTPS, using a 
rebreathing apparatus containing occluding valves.’ 
The characteristics of the pressure transducers 
(Valedyne MP45-1 for oesophageal pressure, box 
pressure, and flow; SE Labs 1150 for mask pressure) 
and the amplifier/ultraviolet chart recorder (Emma, 
SE Labs) had previously been shown to be satisfac- 
tory for measurements at a basic respiratory 
frequency of up to 2 Hz. The flow signal was 
electronically integrated to give tidal volume. TGV 
was calculated from at least 3 separate occlusions. 
Calculation of airways resistance RAW was based on 
changes in gas flow and alveolar (box) pressure 
between points of mid-iso-lung volume. 


Results 


Altogether 34 sets of observations were made during 
the study on the 15 patients, representing between | 
and 4 sets of measurements for each patient. RAW 
and Cdyn measurements were less complete than 
TGV recordings for technical reasons. 


D 
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Table 2) Lung mechanics (mean values + SE) 





Control 
group 


Dexamethasone 
group 








Specific airways conductance 2-2 (-+0-37) x 10-4 2-0(4.0-31) x 10-4 


(per cmH,O per second)* n14 n 18 
Specific dynamic compliance 6-7(+0-70)x 10-27-1(-+.0-75) x 10-2 
(per cmH,O)t n 10 n7 





n = number of observations of each parameter. 
*Gaw/TGV, t Cdyn/TGV. 


The relationship between lung volume (TGV) and 
body weight was so close for the two groups that the 
regression lines could not be separately depicted 
(Figure). The values of lung volume were identical 
with those obtained in a control group of infants of 
>1500 g birthweight studied in this laboratory 
(TGV (ml) = 14-5 x body weight (kg) + 41-9). 
Growth-retarded infants had the same relationship 
between TGV and body weight as did the approp- 
riately grown infants. There was no significant 
difference between the two groups for either dynamic 
compliance or airways conductance, normalised for 
lung volume (Table 2). 


Discussion 


The VLBW infants in this study had been born at a 
time when antenatal corticosteroids were not always 
considered in the management of preterm labour or 
delivery and when minor medical contraindications 
to corticosteroid administration (for example mild 
hypertension, rupture of membranes) were generally 
observed. This allowed us to find a control group of 
untreated infants, broadly similar in clinical state 
to those exposed to antenatal dexamethasone. The 
mothers of the treated group received between 4 and 
48 mg dexamethasone during the 6-96 hours before 
delivery, the mean amount being close to a generally 
accepted dose.’ All the infants were free of significant 


Figure Relationship between thoracic 
gas volume and body weight for 

control infants (circles) and 
dexamethasone-treated infants (Squares); 
light for dates infants are shown by closed 
symbols. The calculated regression line 
for all the data points is shown. 
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neonatal lung disease. Other VLBW infants, some 
exposed antenatally to dexamethasone and who 
developed neonatal respiratory disease, were of 
course admitted to. our neonatal unit during the 
same period. They were not included in this study, 
since it would have been impossible to distinguish 
possible effects of dexamethasone from the effects 
of neonatal respiratory disease and its treatment. 

No differences in TGV or lung mechanics were 
detected during the first year of life, between the 
control and dexamethasone-treated patients. Nor 
were any dose-related effects discernible when the 
results for high and low dose dexamethasone-treated 
infants were compared. The values of lung mechanics 
were in accord with our own laboratory values for 
infants of over 1500 g birthweight. 

These results in human infants appear to contrast 
with observations on the lungs of preterm rhesus 
monkeys exposed in utero to similar amounts of 
corticosteroids.? 4 In preterm monkeys, betametha- 
sone produced an increase in lung distensibility 
(compliance) associated with altered alveolar 
morphology. The functional] alterations were detected 
in saline-filled lungs and were thus independent of 
_ surface effects (that is, the surfactant system). It was 
speculated that long-lasting changes in the mechani- 
cal properties of the lungs might have resulted, 
although long-term follow-up studies were not 
carried out. 

Our earliest studies were made in infants of 34 
weeks’ postnatal age. Moreover, our patients 
obviously had ‘mature’ lungs, since none suffered 
from respiratory disease syndrome. However, had 
any of the long-lasting effects predicted by Beck et 
al? developed in our subjects, the consequent 
alterations in lung mechanics should have been 
detected by our tests, although, ideally, static 
pressure-volume curves of the lungs should have been 
performed. These have not been. technically feasible 
in living infants. 

This study has shown that exposure to antenatal 
dexamethasone had no ill-effect on the lung volume 
and lung mechanics of VLBW infants during their 
first year of life. Any major alteration in the struc- 
ture or growth of the lungs should have been 
detected by our methods. This evidence, together 
with the evidence of other studies,!* suggests that the 
long-term risks of antenatal corticosteroid exposure 
in such infants may be minimal and are outweighed 
by the benefits.? 


We thank Action Research—The National Fund for 
Research into Crippling Diseases, the Sir William 


Coxen Fund, and the Medical Research Council for 
financial support. 
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Cefuroxime in bacterial meningitis 


J PFENNINGER, U B SCHAAD, J LUTSCHG, A NUSSBAUMER, AND U ZELLWEGER 


Department of Paediatrics, University of Berne, Children’s Hospital, Lucerne, 
and Children’s Hospital, St Gallen, Switzerland 


SUMMARY In order to find an alternative antimicrobial treatment for childhood bacterial meningitis 
30 infants and children with meningitis, due to Haemophilus influenzae (n=13), Neisseria meningitis 
(n==9), Streptococcus pneumoniae (n=5), or meningitis of unknown aetiology (n=3), were treated 
with cefuroxime, 200 mg/kg a day, as the only antibiotic. Prompt clinical and bacteriological 
responses were noted and every patient was cured. Cefuroxime concentrations in cerebrospinal fluid 
ranged from 1-1 to 18-8 (mean 7-0) mg/l at the beginning and from 0-5 to 4-1 (mean 1-6) mg/I at 
the end of treatment. Three infants developed symptomatic sterile subdural effusions which were 
managed by repeated subdural aspirations while still on antibiotics. Cefuroxime concentrations in the 
subdural fluid ranged from 17:4 to 32-4 mg/l. At follow-up 2 patients had moderate unilateral 
hearing loss and one had mild ataxia. We conclude that cefuroxime is effective and safe for the 


treatment of childhood bacterial meningitis caused by any of these common organisms. 


Generally childhood bacterial meningitis is treated 
with ampicillin, chloramphenicol, or penicillin G. 
However these antibiotics, alone or in combination, 
have problems associated with them that limit their 
routine use in purulent meningitis caused by 
Haemophilus influenzae, Neisseria meningitis or 
Streptococcus pneumoniae. In addition to the 
increasing incidence if beta-lactamase producing, 
ampicillin-resistant strains of H. influenzae? ? there 
are now reports of clinical isolates of beta-lactamase 
negative H. influenzae with inherent resistance to 
ampicillin.? 4 Occasionally H. influenzae strains 
resistant to chloramphenicol alone or resistant to 
both chloramphenicol and ampicillin are en- 
countered.>-? The potential toxicity of chloram- 
phenicol in children is well known. It also has 
widely variable pharmacokinetics in them. Moreover 
there is experimental evidence of antagonism of 
chloramphenicol plus ampicillin against some 
strains of S. pneumoniae or N. meningitis. The most 
recent potential problem tn the treatment of bacterial 
meningitis is the emergence of strains of S. pneu- 
moniae that are insensitive (minimal inhibitory 
concentration 0-1~1-0 mg/l) and resistant (minimal 
inhibitory concentration >1-0mg/I) to penicillin 
Gen 

These facts justify the search for another drug for 
use on its own in the treatment of bacterial menin- 
gitis in infants and children. 

Cefuroxime (CXM), a cephalosporin antibiotic 
with excellent resistance to beta-lactamases, is 
highly active in vitro against the three main aetio- 
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logical agents of childhood bacterial meningitis: 
H. influenzae (ampicillin-susceptible and ampicillin- 
resistant), N. meningitis, and S. pneumoniae Y 1 
Preliminary studies on cerebrospinal fluid (CSF) 
penetration of CXM have been promising.!5-% For 
these reasons a prospective study to determine the 
efficacy and safety of CXM in the treatment of 
childhood bacterial meningitis was carried out. 


Material and methods 


_ Children aged over 3 months who had been admitted 


because of suspected or proved bacterial meningitis 
to the Department of Paediatrics, University of 
Berne, or to one of the children’s hospitals at 
Lucerne or St Gallen, Switzerland, were eligible for 
study. Any patient with an allergy to beta-lactam 
compounds or with an underlying disease of the 
immune and haemopoietic systems, central nervous 
system, liver, kidney, heart, or lung was excluded. 
The study was approved by the ethical committee of 
the University Children’s Hospital Berne. 


Study protocol. This comprised the following: 
(1) The presence of purulent meningitis had to be 
confirmed by CSFanalysis before treatment with CXM 
was started. Between 24 and 48 hours after the start of 
treatment a control lumbar puncture was done to 
find out if the CSF was sterile. Additional lumbar 
punctures were done if clinically indicated and at the 
end of antimicrobial therapy. Routine CSF examina- 
tions included cell count with differentiation, 
protein and glucose concentrations, Gram-stain, and 
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bacteriological cultures. (2) Antimicrobial therapy 
consisted of the administration of CXM 200 mg/kg 
a day, divided into 4 doses. The drug was given 


intravenously by slow bolus injection. No other - 


antibiotic was used. The duration of treatment with 
the antibiotic as.well as all other aspects of manage- 
ment (administration of fluids, electrolytes, corti- 
costeroids, anticonvulsants, and monitoring) were 
handled as described previously.™ (3) Adverse or 
toxic reactions to CXM were assessed by clinical 
observation and by the following laboratory studies 
before and after treatment: complete blood cell 
count including platelets, prothrombin time, 
electrolytes, urea nitrogen, creatinine, AST, ALT, 
bilirubin, and alkaline phosphatase concentrations. 
(4) CSF and concurrent serum samples for deter- 
mination of CXM concentrations were obtained at 
the time of the control lumbar punctures. All speci- 
mens were taken 2 hours after the last dose of CXM. 
CSF and serum specimens were kept frozen at 
—20°C until assayed. CXM assays were performed 
using a large plate agar diffusion technique.™ 
Antibiotic medium number 2 (Oxoid Limited) was 
seeded with spores of either Bacil!us subtilis 1904E or 
Bacillus subtilis MB 32 SDR allowing determination 
of CXM concentrations in the range 5-0 to 0-3 and 
0-5 to 0-03 mg/l, respectively. Standard solutions 
were used and, if necessary, samples were diluted in 
phosphate buffer (pH 7-0). Jn vitro susceptibility of 
the isolated meningitic pathogens to-CXM and other 
antimicrobial agents was tested using Kirby-Bauer 
paper discs. (5) Clinical and bacteriological responses 
to treatment were carefully evaluated. Two to 6 
weeks after treatment each patient had an auditory 
function test and a neurological examination. 


Results 


Between January 1979 and April 1981, 33 infants and 
children with purulent meningitis were studied. 


Three of them, one with H. influenzae (6 years 2 
months old), one with N. meningitis (11 months old), 
and one with S. pneumoniae meningitis (3 months 
old), died within a few hours of admission to hospital 
because of irreversible septic shock or fulminant 
brain oedema. These patients were excluded. The 
main clinical characteristics of the 30 remaining 
patients are listed in Table 1. All the bacterial strains 
of H. influenzae, N. meningitis, and S. pneumoniae 
isolated were susceptible in vitro to CXM and 
ampicillin. 

Seven children had received short courses of oral 
antimicrobial treatment before admission to hospital: 
4 with H. influenzae meningitis (amoxycillin, n=2; 
penicillin V, n=1; erythromycin, n=1), 2 with S. 
pneumoniae meningitis (erythromycin, n=2), and 1 
with meningitis of unknown aetiology (amoxycillin, 
n= 1), 

All patients showed rapid clinical improvement 
(shock, convulsions, consciousness, meningitic signs) 
to CXM. Reduction in fever occurred between 1 and 
17 days after treatment with CXM (mean-+SD, 
5-4+4-1 days). Prolonged fever, defined as tempera- 
ture > 38-3°C for at least 10 days, was present in 4 
(13%) patients. Secondary fever, defined as re- 
appearance of raised temperature after at least 48 
hours without fever, occurred in 5 (17%) patients. 
The established causes were polyarthritis in 1, drug 
reaction with rash in 1, and subdural effusions in 3 
patients. 

All patients were cured and no second meningitic 
attack took place. The first control lumbar puncture 
24 to 48 hours after treatment with CXM had begun 
showed sterile CSF in 29 patients. A 4-month-old 
boy with H. influenzae meningitis had a lumbar 
puncture after the fourth dose of CXM and the fluid 
still showed some slight growth of H. influenzae. The 
subsequent CSF 24 hours later was sterile. 

Three infants (aged 4, 8, and 12 months) with A. 
influenzae meningitis developed subdural effusions 


Table 1 Clinical and laboratory details, treatment, complications, and outcome 





Aetiology Average age Initial CSF Duration of Complications 
(years) (cells/mm) treatment with during 
Gender mean + SD treatment Outcome 
———_- (days) 
Male Female mean- SD Normal Sequelae 
R. influenzae (n™ 13) 8 5 1 9/12 4097 +2897 11-6-++2-0 Subdural 11 Unilateral hearing 
effusions, 3 loss, 1 
Gastrointestinal 
bleeding, 1 Mild ataxia, 1 
Polyarthritis, 1 
N. meningitis (n=9) 8 1 4 8/12 9163410299 10-4+41-8 0 . 9 Q 
S. pneumoniae (n28) 2 3 4 8/12 656445621 12-8+1-6 0 4 Unilateral hearing 
loss, I 
Unknown (n3) 3 0 3 2/12 103244-11018 11-6+2-1 0 3 
Total (n=30) 21 9 3 3/12 6793 +7283 11+4+42-0 5 27 
(70%) (30%) (17%) (90 %) (10%) 
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Table 2 Cefuroxime concentrations in CSF and serum and percentage penetration into CSF 
SSS 











Aetiology No of patients Mean CSF/serum 
(n= 30) CSF cells Cefuroxime concentration (mg/l) penetration 
- — per mm? — CAT 
Studied Treated CSFt Serum} 
Concentration 24—48 hours after 
start of treatment with CXM H. influenzae 13 13 5223 8-8+1-5 57-443-8 14-5+4+1-8 
(2 hours after dose) (2-7—18-8) (40-4— 86-0) (5-5— 26-4) 
N. meningitis 8 9 2920 4-6+0-8 61-6+8-0 7-6+1-3 
(1-9 —6-8) (34-9—9]1.-9) (3-3— 14-3) 
S. pneumoniae 4 5 2080 7-9+3:-1 40-8 +10-0 21-94+8-2 
(3-1— 16-8) (16-3--65-1) (7-2—43-3) 
Unknown 3 3 4608 4-743:-5 30-5+43-8 13-2+8-9 
(1-1—11-8) (25-5—38-0) (3-9—31-1) 
Total 28 30 4051 7-0+1-0 53-3+43-6 13-4+-1-8 
(1-1—18-8) (16-3—91-9) (3-3— 43-3) 
Concentration at completion of 
treatment with CXM H. influenzae 11 13 112 1-9+4-0-3 13-9+1-2 14-6+4+2-8 
(2 hours after dose) (0-6—4-1) (8-1—21-6) (3-2— 36-0) 
N. meningitis 8 9 16 1-44+0.-2 19-1+2-3 8-3+4-2-0 
(0-5—2-2) (7-8 —28-2) (3-1—20-5) 
S. pneumoniae 5 5 20 1-6+0-7 25-:7+4-1 6-4+0-4 
(1-3—2-4) (20-1 —41 -6) (5-8—7-9) 
Unknown 2 3 60 1-14+0-2 15-0+1-1 7-0+.0-5 
(0-9/1-2) (13-9/16-0) (6-5/7-5) 
Total 26 30 4i 1-6+0-2 17-9+1-4 10-5+1-5 
(0-5—4-1) (7-8—41-6) (3-1—36-0) 


+Mean value +standard error of mean; figures in parentheses represent range of observed values. 


Conversion: traditional units to SI—cefuroxime | mg/l] + 2-24 pmol/l. 
between days 6 and 8 of treatment, with fever, 
irritability, vomiting, and an increase in CSF white 
cell count. Both CSF and subdural effusion fluid 
remained sterile. In the first of these infants anti- 
biotic treatment was changed to ampicillin and 
chloramphenicol but in the remaining 2 CXM was 
continued. All 3 patients were successful:y managed 
by repeated subdural punctures and continued 
antimicrobial treatment for a total course of between 
14 and 21 days. CXM concentrations determined in 
6 specimens of subdural effusion aspirates between 
14 hours and 3 hours after the last CXM dose 
ranged from 17-4 to 32-4 (mean +SD, 22-4--5-5) 
mg/l. 

A 15-month-old boy with H. influenzae meningitis 
developed a severe upper gastrointestinal bleeding 
on day 5 of treatment which was thought to be a 
result of stress and corticosteroid therapy. The 
haemorrhage was managed by transfusions and 
cimetidine, CXM was continued, and the patient 
recovered. A 4-year-old boy with H. influenzae 
meningitis suffered an episode of febrile polyarthritis 
from days 11 to 15 of therapy. Cultures of blood, 
CSF, and joint aspirates remained sterile and no 
reason could be found. 

Intravenous CXM administration was well 
tolerated and phlebitis was only rarely observed. 
A 17-month-old patient developed a macular rash 
with fever on day 6 of treatment which disappeared 
within 3 days under continued CXM treatment. 
A transient mild increase in the alkaline phosphatase 


concentration was noted at the end of treatment in 
one 10-year-old patient. Laboratory studies did not 
show any other abnormality. 

Neurological follow-up examination and auditory 
function test performed 2 to 6 weeks after stopping 
CXM were judged to be normal in all patients 
except three. In one a mild ataxia was still present 
and in 2 others moderate, unilateral hearing loss was 
noted. 

CXM concentration in concurrent CSF and serum 
samples, CSF/serum penetration (%), and CSF cell 
count 24 to 48 hours after start of treatment (avail- 
able in 28 of them) and at completion of CXM 
treatment (available in 26 of them) are shown in 
Table 2. Eight CSF samples obtained 2 hours after 
the dose between days 4 and 7 from 6 patients were 
also available for antibiotic assay. The CXM levels 
in these CSF specimens ranged from 1-1 to 9-8 
(mean +SD, 4-2+3-3) mg/l. 


Discussion 


CXM is active in vitro against the three major 
pathogens of childhood bacterial meningitis. The 
minimal inhibitory concentration values against both 
ampicillin-susceptible and ampicillin-resistant H. 
influenzae strains are between 0-25 and 0-5 mg/l, 
against N. meningitis strains between 0-016 and 
0-064 mg/l, and against S. pneumoniae between 
240-03 and 0-25 mg/l.!! 1? Data on CSF penetration 
and efficacy of CXM in meningitis are generally 
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favourable but rather scant. Norrby et al.) found in 
7 CSF specimens of two adults with’ bacterial 
meningitis due to Klebsiella sp. and S. pneumoniae 
CXM concentrations between 8 and 38 mg/l. Ren- 
lund and Pettay!* reported CSF levels of 2-3, 3-2, 
and 5-3 mg/l in 3 newborn infants with Escherichia 
coli (2 patients) and Staphylococcus aureus (1 patient) 
meningitis. Wilkinson et al© measured a CXM 
concentration of 20 mg/l in the CSF of a neonate 
with E. coli meningitis, Kuzemko and Walker! 
reported 6 CSF levels in 3 children with bacterial 
meningitis (H. influenzae, 2 patients; N. meningitis, 
1 patient) of between 1-5 and 9-0 mg/l. Corbeel et 
al.!" added 6 CSF levels of between 0-2 and 1-2 mg/l 
at the end of treatment in 6 children with purulent 
meningitis. Calonghi et al.1® successfully treated 12 
cases of bacterial meningitis by continuous intra- 
venous plus intrathecal administration of CXM. 
Hoffstedt et al? gave CXM plus ampicillin to 3 
children with bacterial meningitis (H. influenzae, 1 
patient; N. meningitis, 1 patient; S. pneumoniae, 
1 patient) and measured 4 CSF CXM levels between 
2-3 and 6-4 mg/l. Müller et al. reported CSF levels 
after single 1-5 g doses of CXM ranging from 1-5 to 
3-7 mg/l on 6 adults with bacterial meningitis. All 
these data of in vitro activity and CSF penetration in 
patients with purulent meningitis suggest that CXM 
is an attractive candidate for single-drug treatment 
of childhood meningitis due to H. influenzae, N. 
meningitis, or S. pneumoniae. 

In our study prompt clinical and bacteriological 
response to CXM therapy was observed in the 30 
patients, and there were no cases of recurrence or 
relapse. All bacterial isolates were susceptible in vitro 
to CXM. Time to reduction of fever (average, 5-4 
‘days) and incidence of both prolonged (13%) 
and secondary fever (17%) were comparable with 
values found in other series.** Sterile subdural 
effusions became manifest in 3 infants with H. 
influenzae meningitis, contained high levels of CXM 
(17-4-32-4 mg/l, and were successfully managed 
by repeated subdural punctures and continued 
antibiotics. In vitro susceptibility. of the aetiological 
agent and neither concentration nor penetration of 
CXM in CSF showed any abnormality in the 3 
patients who developed subdural effusions between 
days 6 and 8 of therapy compared with the remaining 
patients. The incidence of symptomatic subdural 
effusions in childhood bacterial meningitis is 
reported to be from 10 to 15%,"* which is in accor- 
dance with the incidence of 10% in these patients. 
The two other complications noted during treatment 


were gastrointestinal bleeding (probably caused by ` 


stress and administration of corticosteroids) and 
sterile, probably allergic, polyarthritis. The tolerance 
of intravenous CXM administration was good, One 


patient developed a transient macular rash and 
another a transiently increased alkaline phosphatase 
level. No other adverse or toxic reaction to CXM 
was observed. Sequelae on follow-up examination 
2 to 6 weeks after treatment with CXM had ended 
were noted in 3 (10%) of the 30 patients: one child 
showed mild ataxia and in 2 children moderate 
unilateral hearing loss was found. Adequate audio- 
metric studies performed several months to years 
after H. influenzae meningitis detected sensorineural 
hearing defects in 14 to 16% of children.» In this 
study the incidence of hearing loss after H. influenzae 
meningitis was 1 (8%) of 13 patients. 

Most CXM CSF levels in our series greatly 
exceeded the susceptibilities of the principal patho- 
gens that cause bacterial meningitis in childhood. 4 
These CSF concentrations compare well with the 
values reported earlier. 13-17 18 2 Our CXM CSF 
levels at the end of treatment were about four times 
lower than those 24 to 48 hours after the start. This 
reduction was mainly explained by about three 
times lower CXM levels in serum and only to a lesser 
extent by reduced percentage penetration-into CSF., 
The lower serum levels were thought to be the result 
of improved renal function and thus of increased 
CXM elimination. Average CXM penetration into 
CSF at 2 hours after the dose was about 13% on 
days 2-3 and about 10% on days 8-13 of therapy. 
There seems to be some correlation between CSF 
percentage penetration and degree of meningeal 
inflammation expressed by CSF cell count, but it is 
Statistically not significant. 


Conclusions 


On the basis of these clinical and laboratory data we 
conclude that CXM is effective and safe in the treat- 
ment of childhood meningitis due to H. influenzae, 
N. meningitis, or S. pneumoniae. A dosage schedule 


‘of 200 mg/kg a day given in 4 doses is suggested. It 


must however, be stressed that the experience with 
CXM in the treatment of meningitis is limited and its 
use should still be reserved for well controlled clinical 
evaluations. 


Addendum 


Since the study ended, 20 more children with bacterial 
meningitis (H. influenzae, 11; N. meningitis, 5; S. 
pneumoniae, 2; unknown aetiology, 2) have been 
successfully treated with CXM in Berne. Except for 
one subdural effusion no complications were noted. 


We thank Dr J Egger, Berne, for help with clinical 
management of the patients and Dr D M Cox, 
Microbiology Division, Glaxo Group Research 
Limited, Greenford, Middlesex, for performing the 
cefuroxime determinations. 
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Long-term outcome of primary nephrotic syndrome 


O KOSKIMIES, J VILSKA, J RAPOLA, AND N HALLMAN 
Children’s Hospital, University of Helsinki, Finland 


SUMMARY One hundred and fourteen children with primary nephrotic syndrome were followed up 
prospectively for periods of between 5 and 14 years. Urine samples from 94 of them became protein- 
free during the initial 8-week course of prednisone, and the outcome for these children was good: 
. 74 of them have been free of symptoms for at least 3 years, 18 have had relapses during the last 
3 years, and only one child still has proteinuria. All these children have normal renal function and 
blood pressure. One child died accidentally. Twenty children did not respond to the initial prednisone 
treatment. Thirteen of them had remissions later, of whom 2 have had relapses during the last 3 years. 
Seven were totally resistant to prednisone 4 of whom died in renal failure, the remaining 3 have 
persistent proteinuria with normal levels of creatinine; one has high blood pressure too. Remission 


during the initial treatment indicated a good prognosis, but two-thirds of the initial non-responders 


also fared well. 


Most children with primary nephrotic syndrome 
(NS) have minimal changes in renal histopatho- 
logical specimens. In a survey of 521 children with 
primary NS, 77% had minimal changes in the renal 
biopsy. Physical examination and laboratory tests 
showed that in the early stage of the disease patients 
with membranoproliferative (mesangiocapillary) 
glomerulonephritis could clearly be differentiated 
from patients with minimal change NS or patients 
with other histological types of NS. + 

At least 90% of children with NS and minimal 
changes in the histology respond to treatment with 
prednisone, and about one-third of such patients do 
not relapse at all after primary remission. However, 
in one recent series about 40% patients relapsed 
frequently and many of them developed signs of 
steroid toxicity; some required treatment with 
cytotoxic drugs.” 

We report the long-term outcome for 114 children 
who were treated and followed up prospectively at 
this hospital during the period 1967-76, and relate 
the result of treatment in the initial illness to our 
eventual success in controlling the disease. This 
approach is important because nowadays only a 
few patients undergo renal biopsy, and the physician 
has to assess the prognosis from the clinical features. 
Our patients comprised an unselected series of 
children with NS, which explains why there were so 
many clinically and histologically less severe cases 
compared with many other large series. 


Patients and methods 


During a 10-year period, 1967-76, 118 children with 
primary NS were examined and treated at this 
hospital. Forty-two were girls. Two went into 
spontaneous remission during the initial investi- 
gation and at no time relapsed, one patient moved 
abroad and was lost to follow-up, and one patient was 
treated with cyclophosphamide only. After excluding 
these 4 patients the series comprised 114 children. 
These 40 girls and 74 boys were followed up for 
between 5 and 14 years and, with the exception of 3, 
all of them have been seen at least once a year. 

If a diagnosis of NS was confirmed, comprehen- 
sive investigations, including renal biopsy, were 
performed in the hospital. Until the end of 1973 
every patient underwent a renal biopsy. Since 1974 
each patient has been started on treatment with 
prednisone, and a renal biopsy has been performed 
only if he did not respond to the prednisone or if he 
relapsed.* 

NS was defined as: proteinuria >-40 mg/h per 
m*, and hypoalbuminaemia <2-5 g/100 ml. Infants 
with the congenital NS of the Finnish type were 
excluded. Other reasons for exclusion were NS 
secondary to systemic diseases, or other obvious 
causes, including drugs and poisoning. 

The initial prednisone regimen was 60 mg/m? a 
* Some of the patients have been reported to the Inter- 
national Study of Kidney Disease in Children. 
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day given in three doses for 4 weeks followed by 
40 mg/m? a day in three doses for 3 consecutive days 
for 4 weeks. If a child relapsed, prednisone was given 
daily until the urine had been protein-free for 3 
consecutive days, when intermittent treatment was 
resumed.’ Response to treatment was defined as a 
reduction in the rate of urinary protein excretion to 
4 mg/m? per hour, or Albustix 0 to a trace for 3 
consecutive days. 

Many patients were given cytotoxic drugs; in 
some this was because they relapsed, in others it was 
because they had persistent proteinuria. Cyclo- 
phosphamide was given for periods ranging from 
42 to 90 days. Until 1973 the size of the dose 
(between 1 and 5 mg/kg a day) was such that it 
caused granulocytopenia (white blood count <3-0 x 
10°/1) but since 1974 a lower dose has been used and 
for a shorter time (between 1 and 2-5 mg/kg a day). 
Four patients were given chlorambucil (2 mg/kg a 
day) for 42 days. Cytotoxic drugs were generally 
combined with the lower dosage of prednisone. 

The biopsy specimen was studied under a dis- 
secting microscope and small pieces were cut with a 
razor blade from samples that contained plenty of 
glomeruli so that they could be examined under an 
electron microscope and the amount of immuno- 
fluorescence measured. If the amount of cortical 
tissue was small, the rest of the biopsy was fixed in 
Dubosq-Brazil solution for 2-4 hours and trans- 
ferred to 10% buffered formalin solution for further 
processing. The methods used for the light and 
electron microscopical examinations and for the 
immunofluorescence study were standard ones. 


Paraffin sections cut at 3 um were stained with 
haematoxylin and eosin, Mallory’s trichrome 
method, periodic acid Schiff, and periodic acid 
silver methanine. Frozen sections for immuno- 
fluorescence were incubated with fluorescein iso- 
thiocyanate together with anti-human IgG, IgM, 
IgA, the C3 fraction of complement, and fibrin. 
Thin sections for electron microscopical examina- 
tion were contrasted with the uranyl acetate and 
lead nitrate. 


Results 


All 114 children had prednisone treatment in the 
initial phase of the manifestation of the NS. Ninety- 
four of them became protein-free during the 8-week 
course of prednisone but 20 did not (Figure). 


Patients who responded to prednisone. 


At onset of disease 

Urine samples from 94 (66 boys, 28 girls) became 
protein-free after the initial 8-week course of 
prednisone. The mean age of children who responded 
favourably to glucocorticoids was 33 (range 0: 6—14- 7) 
years, whereas the mean age of the 19 children who 
did not go into remission was 5 (range 1-4-14-7) 
years. 

Eighty-two of these 94 children had renal biopsies 
and 78 of the samples could be classified by light 
microscopical examination as minimal change NS 
in accordance with the definitions given in 1970.4 The 
remaining specimens showed clear  histopatho- 
logical changes: 3 had mesangial proliferative 


Children with primary nephrotic syndrome 


(n= 


114) 


Initial response to prednisone 


No initial response to prednisone 


(n=94) (n=2 
No relapse Infrequent relapses Frequent relapses Remission later Continuous proteinuria 
(n= 23) (n= 21) (n =50) (n=13) (n=7]) 
No relapse — Infrequent Frequent Dead 
(n=8) relapses relapses (renal failure) 
Symptom free Symptom free (n=4) mat) (n=4) 


3 years (n=19) 3 years (n=32) 
| 

Relapse within Relapse within 

3 years (n =2) 3 years (nN =16) 


| Continuous proteinuria 
(n =3) 


Symptom free 
3 years(n=2) 


Symptom free 
3 years (n=1) 


Continuous proteinuria | 


(n=1) 


| 
Dead (trauma) 
(n=1) 


Frequent relapses means at least 2 relapses during any 6-month period 


Relapse within 
3 year (n=2) 


Figure Results of treatment with prednisone in 114 children. 
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glomerulonephritis, and one focal and segmental 
proliferative glomerulonephritis. 


Subsequent clinical course 

At the time of this analysis (March 1981) after 
follow-up for at least 5 to a maximum of 14 years 
this group of 94 patients can be categorised as 
follows: 23 have never had a relapse, 21 have each 
had at least one relapse but never frequent ones, 
and 50 children have had a frequently relapsing 
phase at some stage of the disease—that is at least 
2 relapses during any 6-month period. Eighteen of 
these 94 patients still have relapses (one or more 
relapses within 3 years) and one of them has 
developed persistent proteinuria. The last patient, a 
13-year-old girl, had her first episode of NS at age 
2 years, with focal and segmental proliferative 
glomerulonephritis in renal biopsy. She had a 
relapsing course of the disease until age 11, and then 
became non-responsive both to prednisone and 
cyclophosphamide. She has a normal serum cre- 
atinine concentration and blood pressure. Two of 
3 patients in whom the biopsy finding was mesangial 
proliferative glomerulonephritis have had frequent 
relapses but after a course of cyclophosphamide both 
have been well, one for 6 and the other for 10 years; 
the third has never relapsed in 12 years. 

One patient has died; he had NS with a frequently 
relapsing course. He was killed by his mentally 
disturbed father while in remission. The remaining 
92 patients have normal serum creatinine values and 
normal urinary findings, and their growth and blood 
pressure are normal. 


Patients who did not initially respond to prednisone. 
Twenty of the 114 patients did not respond to the 
initial 8-week treatment with prednisone—that is 
they still had proteinuria after 8 weeks of treatment 
(Table). Ten children had minimal change histology 
but in the remaining children histology varied. 
Three of the children with minimal change histology 
were steroid-dependent frequent relapsers (Cases 5, 
7, and 8); two of them (Cases 5 and 7) had a few 
days of protein-free urine at the onset of the disease 
but had proteinuria again 8 weeks after treatment 
started. A 4-year-old girl, with minimal change 
histology and continuous proteinuria (Case 10), 
died of sepsis and fluid and electrolyte disturbance 
7 months after the onset of the disease. 

Three children had mesangial proliferative 
glomerulonephritis and 3 had focal and segmental 
glomerular sclerosis; in the remaining children 
histology in the renal biopsy varied. Two children 
with focal and segmental glomerular sclerosis had 
progressively declining renal function, and both died; 
the third child has a normal serum creatinine value 
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but a raised blood pressure and proteinuria of 
more than 1 g/day after 8-9 years of follow-up. A 
5-year-old boy also had progressive renal failure and 
died while on dialysis, his renal biopsy sample 
showed diffuse glomerular sclerosis at the onset 
of the disease. 

Haematuria (>5 cells/mm?) at the onset of the 
disease was present in 10 of 20 children; three 
eventually died and one still has proteinuria. 
Thirteen children went into remission at a later 
stage (between 0-2 and 12-0 years after the initial 
findings of NS), 5 spontaneously, 4 during a repeated 
course of prednisone, 2 in response to cyclophos- 
phamide, and 2 during treatment with cyclophos- 
phamide and prednisone combined. Six have had no 
further relapses for at least 5 years. 

Urine analysis and rena! function estimated from 
serum creatinine values showed that the 13 patients 
who eventually went into remission have normal 
urine and serum creatinine values. In 7 other 
patients the proteinuria was not arrested; 4 of them 
have died, the remaining 3 have normal serum 
creatinine values although one has a high blood 
pressure. 


Discussion 


During the period 1967-76 any child with NS from 
a particular area of Finland was examined and 
treated at the Children’s Hospital. Neither severity 
of the disease nor response to treatment affected 
selection, and this may explain why so many 
patients responded to prednisone and why so many 
had minimal changes in the biopsy compared with 
other series.! Other but less likely explanations 
include differences in climatic or other geographical 
factors, type of infections, or genetic susceptibility, 
any one of which might modify the incidence of 
renal disease with an immunological pathogenesis. 
All patients in this series have been regularly 
followed up; each has been seen in the outpatient 
department at least once a year even if he has been 
free of symptoms for several years. Only three of 
the 114 children did not regularly visit the outpatient 
department after becoming free of proteinuria. 
Despite the fact that several series of childhood 
NS have been described? 7 the prognosis beyond 
childhood of an unselected group of patients may be 
unclear to some general pediatricians who take care 
of children with this disease. Our aim has been to 
give an outline of the prognosis for children with NS. 
The outcome can be related to the response to the 
initial prednisone treatment, and it is at that stage 
that the parents and child will need information 
about the nature of the disease. Children who are 
likely to need a renal biopsy and special management 
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can be identified by their lack of response to the 
initial treatment with prednisone. Children with NS 
who respond to’ the first prednisone treatment by 
losing their proteinuria have a good prognosis 
(Figure). Of 94 such patients, one died accidentally, 
and only one did not respond to any attempt at 
treatment later in the disease. The remaining 92 
children have normal urine analyses and normal 
renal function, and lead normal lives: 18 of them 
still have relapses. None of this group has a pro- 
gressive renal disease—for example NS with focal 
and segmental glomerular sclerosis as the kidney 
biopsy finding, which may sometimes mimic 
minimal change nephropathy (International Study of 
Kidney Disease in Children, 1981, unpublished 
data). Thus the main risk seems to be from the side 
effects of the drugs, either of steroids or of cytotoxic 
drug therapy. 

The steroid-responsive type of NS seems to be 
self-limiting and, if the onset is during childhood, 
the disease seems to be over or at least in prolonged 
remission before full adulthood. 

Of the 20 children with continuing proteinuria 
after the initial prednisone treatment, 10 had 
minimal changes and the rest had varying histo- 
pathological changes in the renal biopsy -samples. 
Although the outcome of children with minimal 
change nephropathy was generally favourable, one 
child died from sepsis. Renal biopsy should be done 
in children who initially do not respond to steroids, 
so as to distinguish patients with minimal change 
histology from those with other glomerular changes 
that are empirically associated with varying clinical 
courses and prognoses. 

Children who do not respond to prednisone 
therapy and have other than minimal change 
nephropathy, 10 out of 114 in this series, have a bad 
prognosis; 3 have died and 1 has a high blood 
pressure and gross proteinuria. In these difficult 
cases, including responders who have frequent 
relapses, the examinations and follow-up should be 


performed at specialised nephrological centres, 
where all the necessary investigations can be per- 
formed and the type of treatment, or withholding 
of unnecessary therapy, can be planned. 


The Sigrid Jusélius Foundation and Kidney 
Foundation provided generous financial support. 
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Use of restraint systems by preschool children in cars 
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SUMMARY Many deaths and injuries would be 
prevented if children in cars were adequately 
restrained. Cars were stopped at random and the 
use of child car seats by 853 children aged between 
6 months and 4 years was ascertained. One hundred 
and thirty-three (65%) of the children aged between 
6 and 11 months were travelling in seat restraints. 
Thirty-five (30%) of the children aged between 3 
and 4 years were similarly restrained. Thus there 
was a Significant decline in the use of child car seats 
within the age rangé for which they are suitable. 
There are several possible explanations for this 
finding and it is suggested that not only should 
efforts ‘be made to encourage parents to provide 
car restraints for their infants but that attention 
should be focused on the reasons for this decline in 
the use of seat restraints. 


In New Zealand, accidents are the leading cause of 
death of children aged between 1 and 14 years and 
those involving a motor vehicle form the largest 
single group. If child passengers were adequately 
restrained while travelling in cars, many casualties 
would be prevented. At present only a few children 
are safely restrained.t 

The most appropriate method of safely restraining 
a child varies with age. Between ages 6 months and 
4 years child car seats are recommended. The use of 
restraints by such children is reported. 

A child car seat is a specially designed safety 

device for the protection of infants and young 
children travelling as passengers in motor vehicles. 
_ Each car seat has its own ‘seat belt’—straps 
which slip over the child’s shoulders, around his 
waist, and between his legs. The straps clip into a 
_ buckle thereby restraining the child securely within 
the seat. The device is held in place on the normal 
car seat by means of an adult seat belt or tether 
straps bolted to the car chassis. 


Methods 


The observations were made on various occasions 


between November 1980 and July 1981 in several 
New Zealand cities. 

Cars containing small children were stopped at 
random on suburban roads by traffic officers of the 
Ministry of Transport or by volunteers in shopping 
centre car parks. The age of the child was obtained 
from the driver. The manner in which the child was 
travelling was noted. Each observer had received 
detailed briefings on the range and correct use of 
child car seats available in New Zealand. 

The observations were recorded primarily to 
provide baseline data before the introduction of. a 
pilot child car seat rental scheme. All parents in a 
designated geographical area-will be offered the 
opportunity to rent a child car seat when their infant 
reaches 6 months of age. In the first year of the 
scheme’s operation, the impact will be on children 
under 2 years. Accordingly, particular attention was 
paid to obtaining data on such children. 


Results 


Eight hundred and fifty-three children between ages 
6 months and 4 years were observed. A similar 
pattern of results was obtained from each city and 
from each of the two types of location; therefore 
the results have been combined (Table). 

Even though the use of a child car seat is recom- 
mended for children aged between 6 months. and 


Table How children (n = 853) aged 6 months to 
4 years travel in cars 


Age Number Number ' P 
(months) restrained not restrained 
No A 
6-11 133 (65) 73 
NS* 
12-23 243 (61) 157 
' <0-O5f P<0-001§ 
24--35 66 (51) 64 
i <0-0it 

36-47 35 (30) 82 i 


*y2 m 0-84 1 df, ty? = 4-02 1 df ty? = 11-08 1 df, §x2 = 35-89 1 df. 
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4 years, only half as many such children were 
restrained compared with those between 6 months 
and 1 year of age, 


Discussion 


The use of child car seats by preschool children is 
related to the age of ‘the child. Many parents 
protect their infants but later abandon the use of 
restraints before the children outgrow them. 

This inverse relationship between the age of the 
child and the use of restraints has been noted to 
continue throughout childhood.* 

In the course of the growth and development of a 
child several different devices are required to ensure 
adequate restraint. This may have deterred parents 
from taking action to protect their children, because 
of the cumulative cost of several devices, the 
difficulties experienced in fitting some of them into 
vehicles, and the lack of availability of devices for 
certain age groups. . 

Associations have been noted between such 
factors as the use of child restraints and the wearing 
of a seat belt by an adult,’ the attitude of the 
parents towards how they view their ability to 
control events in their lives? and the level of 
education of the motker.® 

All these may well be important, but other factors 
may contribute to the decline in use over the 
approved age range of a child car seat, and we offer 
the following hypotheses. 

Parents may use child car seats as positioning 
devices rather than as safety devices. With increasing 
age, children are more able to maintain their 
balance in cars and so have less need for the support 
offered by child car seats. 

Parents may purchase a car seat for their first 
child. They may regard a very young infant as more 
vulnerable than an older toddler and so the latter 
may be removed from the seat to make way for a 
younger sibling. 

The normal development of a child may plav an 
important role. When a child enters his phase of 
negativism, this general attitude may be reflected in 
his behaviour when attempts are made to place him 
in a child car seat. There are times when a parent, 
wishing to avoid potential conflict, leaves the child 
unrestrained. 

Some children are physically able to release them- 
selves from the device at an early age, thus rendering 
the restraint useless. Car seats meet the requirements 
of the New Zealand standard. This specifies that 
the force necessary to release the buckle on the 
harness should be not less than 35 N. Since this 
level is sufficiently high to prevent nearly all pre- 
school children from securing their release by direct 


pressure with their fingers, some children must have 
discovered ways of applying the necessary force to 
the buckle -by some other means. 

Child car seats are recommended for children up 
to 18 kg body weight. The manufacturer’s guide- 
lines indicate that such seats are suitable for 
children up to age 4 years. New Zealand growth 
standards for children demonstrate that one child 
in four will attain a body weight of 18 kg by age 
34 years.® 

The only other direct observational study that 
we could find, in which the results were broken into 
comparable age groups, showed a much lower level 
of restraint.4 Sixty-one per cent of 1-year-old 
children in New Zealand were restrained com- 
pared with 12% in the USA. For 2-year-old 
children the comparable figures were 51 compared 
with 7%, and for 3-year olds, 30 compared with 
6%. The reason for these pronounced differences is 
unknown but it is possible that they reflect the laws 
and attitudes relating to seat belt use by motor 
vehicle occupants in the two countries. 

In New Zealand all car drivers are required by 
law to wear a seat belt. In addition all passengers 
over age 8 years in the front seat must wear a seat 
belt and if a seat belt is available to a passenger 
sitting in the rear seat, it must also be worn. 

Other observational studies have reported that 
there is a low overall use of restraints by children 
in cars and this has led to health education cam- 
paigns designed to encourage parents to obtain 
restraints for their children. One study even 
distributed free seats to determine if this would 
increase their rate of use.’ Some places have 
legislation which requires children to travel in 
restraints. The variable results obtained from these 
different approaches have been reviewed.°® 

The results of this study suggest that not only 
should efforts be made to encourage parents to 
provide car restraints for their infants but that 
attention should be focused on the reasons for a 
decline in the use of a restraint system within the 
age range for which it is suitable. A variety of 
approaches would be necessary to counter the 
hypotheses put forward in this paper. They range 
from the development of programmes designed to 
correct mistaken parental attitudes to suggestions 
for the redesign of aspects of child car seats. 
Further information is needed to ensure that 
efforts are concentrated on the most effective 
solutions. 


We thank the many members of the Plunket Society 
and the traffic officers of the Ministry of Transport 
who recorded the observations upon which this 
paper was based. 
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Prolonged foreign body impaction in the oesophagus 
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SUMMARY The severe consequences of prolonged 
impaction in the oesophagus of a fairly radiolucent 
foreign object (aluminium can top) in 2 children are 
reported. The value of endoscopy in cases of un- 
explained dysphagia, even in the presence of normal 
radiographic examination, is stressed. 


Ingestion of foreign bodies by infants and small 
children is common. In many cases, the foreign 
object passes uneventfully through the gastro- 
intestinal tract.!* Impaction occurs most often in 
the upper third of the oesophagus. Generally, the 
history, clinical symptoms, and plain x-ray in- 
vestigation establish the correct diagnosis. Occasion- 
ally, as a result of mild initial symptoms or the 
ingestion of a radiolucent object, the diagnosis of an 
oesophageal foreign body is delayed for several 
months or even years with severe consequences or 
even mortality. 

The aluminium ring can top is a classical example 
of a fairly radiolucent foreign body which may 
easily be overlooked on a plain radiograph. Delay 
in the extraction of an impacted can top in the 
oesophagus may result in transmural ulceration into 
the mediastinum with consequent abscess formation,® 
haemorrhage from one of the great blood vessels,* or 
stricture formation. 


Patients 


Case 1. This 8-year-old girl had been investigated 
at age 2 years because of a 6-month history of 


recurrent upper respiratory tract infections and for 
feeding problems since birth. Plain x-ray film of the 
chest showed a slight widening of the superior 
mediastinum. A contrast swallow showed a small 
hiatus hernia with minimal gastro-oesophageal 
reflux. The child was reviewed at regular intervals 
for the next 6 months, and as her weight remained 
on the 50th centile for her age, she was eventually 
referred back to the family practitioner for further 
management. 

She continued to experience difficulty with 
swallowing and failed to thrive. At age 8, she was 
admitted to her local hospital with a further 
respiratory tract infection. Her weight had fallen to 
below the 3rd centile for her age. A barium swallow 
(Fig. 1, left) showed a large multilocular diverticulum 
at the level of the thoracic inlet with a long distal 
oesophageal stricture extending to the level of the 3rd 
vertebra. Tomography of the superior mediastinum 
clearly demonstrated the presence of a pull-ring 
situated at the thoracic inlet (Fig. 1, right). Oeso- 
phagoscopy confirmed the presence of the pull-ring 
within the upper oesophagus and the distally 
strictured lumen. The ring was firmly embedded in 
the oesophagus and in view of the possible adherence 
to adjacent blood vessels no attempt was made to 
extract it. A feeding gastrostomy was fashioned as 
the child was unable to swallow even thin liquid 
food at this stage. Three weeks after admission the 
affected oesophagus was explored via a combined 
cervical and mediastinal approach through an upper 
median sternotomy incision. The upper third of the 
oesophagus was found to have been virtually 
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Fig. 1 (Left). 


Barium swallow showing 2 false diverticula 
in the upper oesophagus with a long narrow stricture 
extending into the mid-oesophagus. (Right). Tomogram of 
the neck and superior mediastinum showing the can-ring 

at the thoracic inlet. 


replaced by granulation tissue and after extracting 
the foreign body, reconstitution of the oesophagus 
was impossible due to extensive ulceration. The 
distal oesophagus was oversewn and the proximal 
end brought out on to the surface as a cervical 
oesophagostomy. 

Three months later, oesophageal replacement by 
gastric interposition was carried out via a left 
thoraco-abdominal approach. The fundus of the 
stomach was anastomosed to the upper cervical 
oesophagus. The postoperative course was un- 
eventful except for temporary incoordination of 
deglutition and late abscess formation in the right 
cervical region at the site of the oesophagestomy. 
The child is now well, eating normally, and thriving. 


Case 2. An 18-month-old boy was admitted to an 
outlying hospital in acute respiratory distress having 
choked on a piece of sausage. An emergency 
tracheostomy was performed and the child was 
transferred for further investigation of a long- 
standing history of dysphagia and failure to thrive 
(weight below 3rd centile). A plain radiograph of 
the chest was unremarkable. A barium swallow 
showed a persistent narrowing at the junction be- 
tween the upper and middle thirds of the oesophagus 
(Fig. 2). This part of the oesophagus appeared to be 
displaced anteriorly and to the left by an extrinsic 
mass. The provisional diagnosis was a foregut 
duplication cyst. An oesophagoscopy showed the 





Fig. 2 
narrowing in the upper oesophagus. Within the 
concavity of the stenosed area the outline of a can tab 
could be identified (arrowed). The inset shows 
radiograpically the can tab after surgical removal. 


Barium swallow showing a deformity and 


stricture at 12 cm from the incisor teeth but no 
mucosal abnormality was noted. 

Bronchoscopy was normal. At exploration via a 
right posterolateral thoracotomy, a 3 x 4 cm cystic 
mass was found lateral and posterior to the upper 
oesophagus. The mass was densely adherent to the 
surrounding structures and tothe oesophagus. During 
a difficult mobilisation the cyst ruptured revealing its 
contents of purulent fluid inwhicha metal cantop was 
present. After excision of the abscess wall, a small 
0-5 cm defect in the right lateral wall of the oeso- 
phagus was repaired. The postoperative course was 
uneventful. 


Discussion 


These two cases stress the problems in the detection 
of fairly radiolucent ingested foreign bodies and the 
consequences of prolonged impaction of such an 
object within the alimentary canal. In the case of 
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the aluminium can top, a lateral chest radiograph in 
which the foreign object is projected away from the 
spine, could be of some diagnostic value. Upper 
gastrointestinal endoscopy, with or without a 
flexible fibrescope, should be considered in every 
case of unexplained swallowing difficulty, even if 
the contrast study fails to show an abnormality. 

A plea is made to manufacturers of metal cans 
either to incorporate a distinctive radio-opaque 
marker on the pull-ring, or to ensure that it cannot 
easily be detached from the can. 


We thank Dr M H Wansbrough-Jones for referring 
the first case to us for surgical treatment from St 
George's Hospital, London. 
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Serum pancreatic lipase as a screening test for cystic fibrosis 
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SUMMARY Pancreatic lipase catalyses the hydrolysis 
of emulsified triglycerides to form a transparent 
solution of monoglycerides and fatty acids. Levels of 
serum pancreatic lipase were measured in neonates 
known to have cystic fibrosis and compared with 
levels in control infants. During the first weeks of 
life infants with cystic fibrosis had raised serum 
pancreatic lipase values in parallel with raised serum 
trypsin values. A simple and specific turbidimetric 
dried blood spot assay for serum pancreatic lipase 
was used as a screening test for cystic fibrosis in the 
neonate. 


It has been reported that the presence of a raised 
immunoreactive trypsin value in a dried blood spot 
is a useful screening test for neonates with cystic 
fibrosis (CF).4-3 

Since pancreatic lipase activity parallels that of 
pancreatic trypsin during intrauterine and postnatal 
development‘ (as it does in a variety of pancreatic 
disorders®), the serum pancreatic lipase values in 
neonates with CF may be important. We studied the 
blood pancreatic lipase values during the first few 
weeks of life of neonates known to have CF and 
compared them with controls, and from this a simple 
screening test on dried blood spots was developed. 


Patients and controls 


Between September 1979 and May 1981, 7 neonates 


with CF were identified out of 26 705 prospectively 
screened using the two-tier immunoreactive trypsin 
test.1* CF was confirmed in these 7 infants by at 
least two abnormal sweat tests. Each had. clinical 
symptoms of CF and was receiving treatment. 
Twenty dried blood samples had been collected from 
these 7 infants when aged between 5 days and 9 
months, and these were available for a retrospective 
pancreatic lipase assay. Dried blood samples, each 
from the same batch as the CF sample, were used as 
controls, but the lipase values from the older 
Guthrie cards were lower because they had been 
stored for longer. 


Method 


The turbidimetric serum pancreatic lipase (EC 
3.1.1.3) assay, available as the lipase monotest 
(Boehringer-Mannheim), was adapted for dried 
blood spots. The lipase reagent was prepared as 
recommended by the manufacturer. Dried blood 
standards (lipase activity 0, 60, 120, 240, and 480 
U/l serum) were prepared from appropriate dilutions 
of the kit serum standard with saline, and mixed with: 
washed and packed red blood cells to a final haemato- 
crit value of 50%, or were added to dried blood - 
spots containing no lipase (inactivated by heating’). 
To elute the lipase from the dried blood sample or 
standard, 1-5 ml of cooled (0°-4°C) lipase reagent 
was added to a dried blood spot, 6 mm in diameter, 
and placed in a refrigerator overnight or for at least 
3 hours. As the samples were small and there was 
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ultraviolet interference to the haemoglobin, it was 
necessary to lengthen the preincubation time to 90 
minutes and the incubation time to 5 hours (or even 
overnight). The temperature for both these was 37°C. 
The decrease in turbidity was measured at a wave- 
length of 663 or 699. The calibration curve of the 
standards was linear from zero to 450 U/I lipase 
activity after 5 hours of incubation. The dried blood 
spot assay was comparable with the results of the 
routine serum lipase assay (n = 17, range 75-187-4 
U/l, mean (X) 122-35 U/I+-—31-12 SD; mean (Y) 
116-12 U/l+—28-98 SD; r = 0-75; P= <0-01). 

It is possible after overnight incubation for the 
naked eye to detect samples with high lipase ac- 
tivities by the decreased turbidity in them compared 
with the standards. 


Results 


The values of the serum pancreatic lipase and 
immunoreactive trypsin of the 7 CF neonates are 
compared with those of the controls in the Table. 
At the time of the first blood sample, when the 
infants were between 5 and 9 days old, the lipase 
of the infants with CF was 1:36-4:77 (mean 2-60) 
and the trypsin 2:84-7:65 (mean 4-56) times higher 
than in the corresponding mean levels of the 
controls. By the time the second blood sample 
was taken (when the infants were between 25 and 87 
days old) the difference between CF infants and 
controls was even greater, the lipase and trypsin 
levels being respectively 1-41~6-25 (mean 3-27) and 


5-23-15-95 (mean. 9-74) times higher than the cor- 
responding mean levels of the controls. 

Case 6 was the only CF neonate in whom lipase 
activity during-the first weeks of life was within 
the contro] range, and the lipase and trypsin levels 
declined in parallel to the control levels present at 
age 46 days. 


Discussion 


This study confirms previous observations that serum 
immunoreactive trypsin levels are raised during the 
first weeks of life in CF patients, and furthermore 
that levels of serum pancreatic lipase are similarly 
raised. In Case 6 there was a rapid reduction in the 
mass of functioning exocrine pancreatic cells due to 
the fact that this infant was small for gestational age* 
or owing to severity of the CF disease process itself, 
or perhaps to a combination of both factors. Indeed, 
in this patient, a clear diagnosis of severe exocrine 
pancreatic insufficiency was proved by the patho- 
logical results of the duodenal intubation following 
a pancreozymin-secretin test performed during the 
first month of life. 

A variety of raised serum pancreatic proteins—for 
example trypsin,! chymotrypsin,® pancreatic secre- 
tory trypsin inhibitor,® and now lipase are available 
as potential parameters for CF neonatal screening 
tests. The usefulness of this pancreatic lipase test, 
which requires no radioimmunoassay equipment, 
should be examined further in a more extensive 
prospective study. 


Table Lipase and trypsin levels in infants with cystic fibrosis compared with controls 





Case Birthweight Days after birth Lipase (U/{ serum) 
(g) 


CF Control 
Mean Range 
1* 3070 5 130 48 25-60) 
40 TI 27 8-48 
270 73 28 24-31 
2 3900 6 ` 113 35 18-53 
56 150 24 12-36 
3% 3600 5 83 44 14-64 
33 73 32 16-45 
4 2650 6 103 44 14-64 
87 87 26 16-36 
5 3250 9 93 47 26-74 
55 130 
65 157 46 36-67 
T7 110 
iH 140 55 54-63 
6 2350 5 67 49 32-71 
25 88 -62 48-75 
46 45 37 20-54 
60 29 
7 3300 9 353 74 53-97 
; : : 83 170 43 19-57 


Trypsin (ug/l serum) 

Ratio CF Control Ratio 

CF: CF: 
No control Alean Range No control 
10 2-70 1442 384 164-894 10 3°75 
3 2:85 2281 143 130-156 3 15-95 
4 2°61 958 200 130-288 4 4-79 
10 3-23 1492 407 275-664 10 3-66 
3 6-25 1925 170 82-278 3 11-32 
10 1-88 1694 391 236-578 10 4.33 
4 2°28 3039 216 135-341 4 14-06 
10 2-34 1833 391 236-578 10 4-68 
2 3-34 1248 164 100-227 2 7-60 
10 1-97 1310 260 100-587 10 5-03 

2-82 1550 7°78 
4 3-41 2303 199 100-486 4 11-57 

2-39 2000 J 10-05 
3 2-54 1324 152 100-255 3 8-71 
10 1-36 1469 516 337-821 10 2°84 
3 1-41 1025 164 `- 100-255 3 6-25 
2 1-21 285 150 100-201 2 1-73 

0-78 201 1.34 
10 4-77 1700 222 89-357 10 7-65 
7 3-95 1465 280 200-469 7 5-23 





* Boys. 
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Effect of posture on gastro-oesophageal reflux in the newborn 


I BLUMENTHAL AND G T LEALMAN 


Department of Paediatrics, Bradford Royal Infirmary Maternity Unit, Bradford 





SUMMARY The effect of posture on gastro- 
oesophageal reflux was studied by giving 72 oro- 
gastric tube feeds to 18 low birthweight babies. 
Each infant was studied in each of 4 positions: prone, 
supine, right, and left lateral. Brilliant blue was 
added to feeds and reflux was determined by staining 
of a cotton thread opposite the holes in a feeding 
tube passing from the nose to the distal oesophagus. 
A comparison of the prone and supine positions 
showed that significantly less reflux occurred in the 
prone position. 


The optimum position in which to nurse neonates is 
controversial, the position adopted by most nurs- 
eries being based more on custom than reason. 
It is well known that regurgitation of gastric con- 
tents can result in aspiration pneumonia and death 
in the newborn. Recently gastro-oesophageal reflux 
has been incriminated as a cause of apnoea and 
respiratory distress in the newborn and of ‘near 
miss’ and sudden death in infants.1 Prompted by 
such hazards the aim of the study was to determine 
the position associated with least reflux so that a 
rational choice for nursing infants in our nursery 
could be made. 


Patients and methods 


Eighteen healthy low birthweight infants were 
studied between the 2nd and 31st (mean 10) days. 
Mean (+ SE) birthweight was 1-78 + 0-07 (range 
1-25-2-40) kg, and gestation 34-4 + 0-4 (range 
31-37) weeks. As the infants were preterm, all of 
them required some tube feeds, and informed 
parental consent was obtained. Approval for the 
study was obtained from the ethical committee of 
the Bradford District Hospitals. 

The length of each infant was measured with a 
neonatometer and the distance from the nares to the 
distal oesophagus determined by the formula: 
oesophageal length (cm) = 5 + (0-252 x infant 
length).? 

A 6 FG polyvinyl feeding tube containing white 
créchet cotton was passed through the nose so that 
the distal end was calculated to lie just above the 
stomach. The feeding tube which contained 6 small 
holes at 2-5 cm intervals along its length was firmly 
fixed to the face. The infant was placed in the 
designated position (prone, supine, left, or right 
lateral) and allowed to settle for a few minutes. A 
milk feed containing brilliant blue in sufficient 
quantity to impart a deep blue colour was then 
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Table Number of refluxed feeds at each height in 4 
positions, and reflux score 





Prone Supine Right Left 
Reflux height (cm) 
<2-5 > 0 i i 
2-5 2 0 G 4 
5 3 i 2 3 
7-5 4 10 9 4 
10 0 2 3 2 
Oral regurgitation 4 5 3 4 
Scoret 50+ 25* 32 49 





Difference between prone and supine significant (P<0-05). 
See text for explanation of scoring system. 


given by orogastric tube (8 FG), the tube being 
withdrawn immediately on completion of the feed. 
The tube. was passed to a length equivalent to the 
distance between the nasal bridge and the tip of the 
ensiform cartilage -+- 3-4 cm. Feeds (breast milk 
or formula) were given according to nursery routine 
at intervals of 2 or 3 hours by one of us (I B) during 
a 24-hour period. Volumes ranged from 20 to 60 
(mean 40) ml, and were kept constant throughout 
the study. 

After feeds infants were not ‘burped’ but left 
undisturbed on a flat surface in the designated 


position for an hour when the nasal tube was ` 


removed. Each ipfant had one feed in each of the 
4 positions, the sequence being varied so as to 
obtain a balanced distribution. The extent of reflux 
was gauged by noting the most proximal hole in the 
tube in which the cotton was stained blue. 


Results 


The results are shown in the Table. Seven (9-8 %) 
feeds were associated with reflux less than 2-5 cm, 
16 (22:2%) feeds were visibly regurgitated from the 
mouth. The remaining 49 (68 %) feeds refluxed to a 
height ranging from 2-5 to 10 cm. A score was 
allocated to the results in the following way so that 
a high score was inversely related to the height of 
reflux: reflux <2-5 cm five, 2-5 cm four, 5 cm three, 
7-5 cm two, 10 cm one, visible regurgitation nil. 
The highest score (50) was obtained in the prone 
position with the lateral positions intermediate 
(left 40, right 32), while the lowest (25) was in the 
supine position. A ż test indicated that the difference 
between prone and supine positions was statistically 
significant (P<0-05). When the lateral positions 
were compared with each other and with the prone 
and supine positions differences were not significant. 


- Discussion 


This study showed that least reflux occurred in the 
` prone position; this supports the work of Hewitt 


who found that infants nursed prone aspirated less 
milk.? She studied the number of lipid-filled macro- 
phages in tracheal aspirates of infants nursed prone 
and supine and found significantly fewer in the 
prone position. Previous studies in infants of similar 
age have shown that stomach emptying rate and 
lower ' oesophageal sphincter pressure are not 
affected by posture.45 Prone placement increases 
sleep, reduces crying, and diminishes movement,® 7 
factors associated with a reduction in both intra- 
abdominal air and pressure. Thus, it could be 
speculated that reduced abdominal pressure was one 
reason for less reflux in the prone position. Another 
more obvious reason is the postural variation in 
intra-abdominal air-fluid relationship. When supine, 
fluid accumulates in the fundus, the most dependent 
part of the stomach. Air in turn rises to the highest 
part which in this position is the pyloric antrum. 
In the prone position the situation is reversed by 
air contained in the highest part, the fundus, 
effectively forming a barrier between fluid in the 
pyloric antrum and the lower oesophageal sphincter. 
Thus, eructation rather than regurgitation is the 
more likely event after an increase in abdominal 
pressure or sphincter relaxation. 

The method used in this study causes little 
discomfort and is sensitive and inexpensive. The 
indications for its use and advantages compared with 
other methods of assessing reflux have recently 
been discussed elsewhere. In conclusion, results 
of this study together with improved respiratory 
function in the prone position support a rational 
choice of prone posture for nursing infants.’ 
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Acinetobacter meningitis: acquired infection in a neonatal intensive 


care unit 
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SUMMARY A cluster of 4 cases of meningitis due to 
Acinetobacter calcoaceticus var anitratus occurred 
during a 5-day period in a neonatal intensive care 
unit. Three of the infants were preterm and all had 
a history of other medical problems. Initiation of 
intravenous therapy with carbenicillin was accom- 
panied by clinical recovery and a bacteriological 
cure. Intensive bacteriological investigation failed 
to show a common source for the infections. 
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Bacterial infections are a common cause of mor- 
bidity and mortality in neonates.! Such infections 
occurring after age 48 hours are increasingly due to 
organisms derived from the ward.* We describe a 
cluster of cases of meningitis due to a rare Gram- 
negative cocco-bacillus which occurred in a neonatal 
intensive care unit. 


Methods 


Cerebrospinal fluid was obtained from the infants 
by lumbar puncture using full aseptic precautions. 
The fluid was examined microscopically and an 
aliquot was cultured aerobically (10% CO,) and 
anaerobically. Bacteria were tentatively identified as 
Acinetobacter sp. by their appearance as Gram- 
negative cocci and the fact that they were oxidase 
negative. Their identity was confirmed using the 
API 20E system (API Ltd). Rectal, pharyngeal, 
umbilical, and skin swabs were obtained from 
infected infants and other neonates in the unit. 
Members of staff were screened using hand washings, 


throat, and rectal swabs. The inanimate moist. 


environment was sampled by means of sterile 
absorbent swabs and a centrifugal air sampling 
device (Biotest Gmbh). 


Patients 


Case 1. A girl weighing 2-8 kg was admitted on 
27 May 1981 following asphyxia at birth. After 
exchange transfusion for polycythaemia, generalised 
hypertonia with fisting developed with abdominal 
distension and passage of blood per rectum. A 


diagnosis of necrotising enterocolitis was confirmed 
radiologically. Intravenous therapy with gentamicin, 
penicillin, and metronidazole was started. During 
the ensuing 48 hours several convulsions with 
continuing cerebral irritability were noted. On 
microscopical examination cerebrospinal fluid (CSF) 
taken at the beginning of the period (28 May) 
appeared normal but a moderate growth of Acineto- 
bacter calcoaceticus var anitratus was obtained on 
culture. On 30 May intravenous treatment with 
carbenicillin (800 mg/kg a day) was begun. A further 
sample of CSF obtained on 1 June was again 
normal on microscopical examination but Acineto- 
bacter sp. was obtained on culture. CSF taken the 
next day and 7 days later was sterile on both 
occasions. After 4 days’ treatment with carbenicillin 
the infant’s clinical condition improved and treat- 
ment was stopped after a 3-week course. The 
infant’s mother had no vaginal discharge but 
Acinetobacter sp. carriage was not specifically 
excluded. 


Case 2. A girl of 30 weeks’ gestation weighing 
1-1 kg was admitted on 26 May 1981 after a 
traumatic forceps delivery. She developed occasional 
apnoeic attacks which were managed with amino- 
phyline suppositories. Three days after birth she 
underwent an exchange transfusion for hyper- 
bilirubinaemia, and treatment with gentamicin and 
penicillin was initiated because of continuing 
apnoeic episodes. CSF at this time was sterile. Two 
days later the apnoeic attacks increased in frequency 
and she was artificially ventilated after a prolonged 
episcde of apnoea. CSF obtained on 31 May was 
blood stained but no organisms were seen. Culture of 
this fluid showed a moderate growth of Acinetobacter 
anitratus. Intravenous therapy with carbenicillin 
(800 mg/kg a day) was begun and CSF taken 2 days 
later was sterile. Her clinical condition maproves 
and treatment was stopped after 3 weeks.. 


Case 3. A 36 mO gestation boy weighing 2:6 X 
was admitted on 17 May 1981 following cyanosis 
after delivery. Respiratory distress syndrome was 
diagnosed and treated with mechanical ventilation. 
The course was complicated by the development of 
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Table Cases of meningitis due to Acinetobacter calcoaceticus in infants 


Year Age Sex Appearance of CSF 

19574 4 days F Cloady 

19574 6 days M Cloudy 

19655 1 yoar F NR 

19655 1 month M NR 

19705 5 weeks F Gram-positive cocci 
' Gram-negative cocel 

19737 2 months M 7 WBC 

Gram-negative cocci 
19798 2 weeks F 


NR = not recorded. 


extensive intraventricular haemorrhage diagnosed 
by ultrasound examination. CSF taken at this time 
(20 May) was sterile. On 31 May his colour was 
poor and his temperature unstable. CSF was still 
sterile. On 1 June he began to vomit and was pale 
and irritable. Blood-stained CSF was obtained but 
no organisms were discernible. Culture of this fluid 
showed a moderate growth of A. anitratus. Treat- 
ment with carbenicillin was begun (800 mg/kg a day) 
and clinical and bacteriological improvement was 
rapid. This treatment was stopped after 3 weeks. 


Case 4. A 30-week gestation boy weighing 0-8 kg 
was admitted on 28 April 1981 with respiratory 
distress syndrome. Treatment by mechanical venti- 
lation was complicated by pneumothorax and the 
development of subglottal stenosis. He required 
prolonged artificial ventilation. He received penicillin 
and gentamicin until 16 May after an episode of 
neutropenia. On 1 June his condition deteriorated 
clinically with the onset of convulsions. Treatment 
with penicillin and gentamicin was re-started. CSF 
taken at this time was blood stained and no organisms 
were seen; however on culture a moderate growth of 
A. anitratus was obtained. Antibiotic therapy was 
changed to carbenicillin (800 mg/kg a day) and 
continued for 3 weeks. No further convulsions 
occurred and subsequent culture of CSF proved 
sterile. l 


Further investigations 


Each isolate had an identical ‘API-pattern’ and the 
same sensitivity pattern being sensitive to genta- 
micin, carbenicillin, chloramphenicol, and sulphon- 
amides but resistant to cefuroxime and ‘ampicillin. 
Acinetobacter sp. were not recovered from the 
blood, rectum, pharynx, or skin swabs of the 
infected infarits. Samples of CSF from 2 infants 
nursed in proximity to the infected neonates were 
sterile and screening swabs from. all the infants in 
the unit were negative. Rectal swabs and hand 


Blood culture Treatment Outcoma 
NR NR Recovered: deaf 
NR NR Died 
Negative NR Recovered 
Negative NR Recovered: hydrocephalus 
NR Kanamycin and Recovered 

penicillin 
Negative Gentamicin Recovered 

Gentamicin and Recovered 
ampicillin 


washings from 26 members of the attendant staff 
did not reveal acinetobacter except for hand washings 
from 2 nurses working in the milk kitchen. Neither 
of these isolates had the same antibiotic sensitivity 
pattern nor had they the same ‘API-pattern’ as the 
strains infecting the infants. Environmental swabs 
and culture of intravenous solutions were uniformly 
negative. At follow-up 3 months later each infant 
showed full recovery and there was no evidence of 
a gross neurological deficit. 


Discussion 


Acinetobacter (previously Achromobacter sp. or 
Herellea vaginicola) is a commensal and a rare 
opportunistic pathogen. Although clusters of urinary 
tract infections due to this organism have been 
described from an adult intensive care unit,’ cases of 
meningitis in neonates are sporadic and are rarely 
reported (Table). We consider that the cases 
reported here represented meningeal infection 
because the isolation of the organisms coincided 
with the onset of clinical signs; and initiation of 
appropriate therapy which is known to enter the 
CSF was associated with clinical and bacterio- 
logical cures. The source of these infections remains 
unknown, since extensive surveillance of the ward 
environment, both animate and inanimate, was 
uniformly negative. Nevertheless, we suggest that 
Acinetobacter caleoaceticus var anitratus be added 
to the list of Gram-negative opportunists which can 
cause outbreaks of nosocoihial infection in neonatal 
units. 


We thank Dr R W I Cooke for permission to report 
on patients in his care. 
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SUMMARY Colic affected 16% -of 843 infants. It was 
not related to breast or cows’ milk feeding. Increased 
prevalence was noted if cereals or solids had been 
introduced during the first 3 months of life and in 
infants from professional or skilled social groupings. 


Colic is a common problem in infancy. Although it 


is not generally associated with serious disease it 
may be profoundly disturbing to the child and his 
family. The mother’s distress is exacerbated by lack 
of an adequate explanation. Her inability to help 
her infant is made worse by the implication that the 
colic may result from some failure in the relationship 
between mother and baby. Certainly a young infant 
with severe colic tests the affection of any member 
of the family exposed to it. Many hypotheses have 
been made about the cause of colic, sometimes 
called 3-month or evening colic, but few have been 
substantiated. Cows’ milk allergy has been reported 
as a cause of infantile colic! although others have 
suggested that colic is more common in breast-fed 
infants.* 3 This study reports the prevalence of colic 
in infants and relates it to mode of feeding. 


Patients and method 


The Isle of Wight infant feeding survey was in- 
stituted in 1977 to study the pattern of feeding in 
an entire population born during a 12-month period. 
The structure of the study has been reported.* As 
part of the survey, data on colic were recorded by 
health visitors 6, 12, 26, and 52 weeks after birth. 
Further information was obtained from the mothers 
2 years after the infant’s birth. Data have been 
collected on 843 infants. 


Results 


Colic affected 135 (16%) of the infants and was 
present in most (120) by age 6 weeks. Only 11 of 
the affected infants developed colic for the first time 
between ages 6 weeks and 3 months, the remaining 
4 showing initial symptoms after this age. 

Almost half (47%) of the infants who first had 
colic before age 6 weeks had lost their symptoms by 
the time they were 3 months old. A further 41% 
remitted before age 6 months, leaving only 12% 
with symptoms persisting into the second half year 
of life (Figure). 

Attempts to demonstrate relationships between 
colic and the time of day of occurrence of symptoms 


Prevalence of 
colic (%s) 





Figure Prevalence of cholic in infancy. 
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proved disappointing. Only 20% of the mothers felt 
colic was more common in the evening or night. 
Similarly, no significant difference could be found 
in the prevalence of colic between totally breast- 
fed and totally formula-fed infants, although colic was 
recorded more often in infants introduced to mixed 
feeding before age 3 months. 

The interrelationships between parental allergy, 
social class, feeding methods, and the development 
of colic were studied by log linear modelling. This 
showed a striking effect of parents’ social class on 
the reported prevalence of colic, but no influence for 
the other factors. Infants with a background of 
parental allergy are more likely to be initially 
breast fed (76 compared with 67%, P = 0-01) and 
parents in the upper social groupings are significantly 
more likely to breast feed their babies (initial 
breast feeding rates: professional 85%, skilled 70%, 
unskilled 62%, P<0-0005). Allowing for these 
effects, the reporting of infantile colic is significantly 
related to parental social class, being found in 23% 
of the professional group, 16% of the skilled group, 
and in only 7 % of the unskilled (P<0-0005). 


Discussion 


Colic is confirmed as being a common and usually 
self-limiting problem of infancy. It rarely starts 
after the third month so that ‘3-month colic’ would 
appear a reasonable descriptive term. Colic was 
reported at various times in the day and rarely only 
in the evening. Interestingly, no parent identified the 
morning as the worst time for colic. - 

Infants do not complain of colic—they cry.- The 
interpretation of the crying as being-colic or not is a 
decision made in the first instance by the parents 


and, especially if episodic, may be taken at face . 


value if professional advicé is sought. A possible 
explanation for the differences in prevalence rates 
for colic between social groupings is that what is 
considered as colic by one social group may be 
interpreted differently by another. 

Illingworth? has stated that he has long thought 
that colic was more common in breast-fed babies 
` although he has no statistical proof. Our study 
shows that the prevalence of colic in initially 
breast-fed infants was 15-4%, and in initially 
bottle-fed infants was 13-8%, but the statistical 


model we have used clearly demonstrates that the 
real difference lies in the fact that the upper social 
group infant is more likely to be breast fed and it is 
the social class and not the feeding method that is 
related to these differences. 

The failure to demonstrate a significant difference 
in prevalence of colic between breast- and cows’ 
milk-fed infants does not deny a relationship 
between cows’ milk and colic. Indeed 2 infants with 
colic persisting after 6 months and 4 children with 
colic in the second year of life proved to have 
cows’ milk intolerance. It has been shown that 
cows’ milk protein molecules may pass unchanged 
into the breast milk and we have been impressed at 
the alleviation of colic in some infants by with- 
drawing milk and dairy products from the diet of 
the lactating mother. Similar results have been 
documented by Jakobsson and Lindberg.’ 

Thus a trial of removing cows’ milk from the 
diet of a formula-fed infant with severe colic, or 
from the diet of the lactating mother may be effective. 
It is important that the diagnosis of cows’ milk- 
induced colic should be confirmed by challenge 
procedures as such a challenge will sometimes 


-prove negative. This will prevent the prolonged use 


of other costly and inappropriate diets, although a 
recent report from New Zealand’ failed to show any 
reduction in rate of infantile colic when cows’ milk 
was avoided by 20 breast feeding mothers. 
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Hydrogen breath test in gastroenteritis 


Sir, 

Having been concerned in breath hydrogen testing 
during a 3-year period (950 patients), we were surprised 
at the findings of Gardiner et al.’ and in particular at 
such statements as ‘the hydrogen breath test was not an 
appropriate technique for detecting it’ (lactose intolerance 
in gastroenteritis). Their assessment of the usefulness 
of this test differs considerably from our own, and 
others,*-4 and the reasons for this need to be determined 
to restore clinicians’ confidence in the hydrogen breath 
test. 

The test dose of lactose we use, and the one most 
commonly used by laboratories, is 2 g/kg, and closely 
approximates physiological conditions. Therefore test 
doses of 0-5 g/kg may be inappropriately low when 
attempting to assess concordance of the hydrogen breath 
test and clinical results. Using Gardiner’s criteria for an 
abnormal breath hydrogen rise, 8 (40%) of 20 post- 
gastroenteritis patients given 2-0 g/kg lactose had an 
abnormal breath hydrogen rise in his series. This figure 
is similar (38%) to our findings soon to be published. 

Differing conclusions from the same data seem to be 
related to the interpretation of clinical intolerance. We 
often do not find symptoms of intolerance in the 24 
hours after the test dose of lactose, but in every case in 
our series in which lactose malabsorption was demon- 
strated by hydrogen breath tests (38 patients), the 
patients responded positively to lactose withdrawal. A 
lack of symptoms during and immediately after breath 
hydrogen testing, but response to a lactose-free diet, has 
been reported elsewhere.’ It appears that none of the 8 
patients with abnormal breath tests in Gardiner’s 
series was given a trial of a lactose-free diet in order 
properly to assess the clinical response. 

There is the potential for a false-positive breath 
hydrogen test as outlined by Solomons et al. whereby 
lactose in whole milk may be better tolerated than 
lactose in water, presumably due to the effects of differing 
gastric emptying rates, but we have not encountered this 
problem. We agree that false-negative results can be 
obtained, but in our experience this is almost always due 
to either recent antimicrobial therapy, the effects of which 
can persist for at least a month, or to some mechanical 
failure of the breath test—for example vomiting of the 
test dose or premature termination of sampling. 

It is worth remembering the importance of intra- 
luminal pH and its effect on hydrogen production as 
outlined by Perman et al. This may be part of the 
mechanism responsible for the reportedly lowered 
hydrogen responses in children with active diarrhoea,’ 
although with our methodology® and by fasting the 
patients overnight, we did not find this effect.® 

We believe that the hydrogen breath test in the assess- 


ment of carbohydrate malabsorption is valuable provided 
the potential for false-negative and false-positive results is 
appreciated, and care is taken to ensure that the method- 
Ology is designed to circumvent these pitfalls. We have 
found excellent correlation between breath hydrogen 
tests and the effects of dietary intervention, and as a 
consequence, have had to cope with an ever increasing 
demand on this service by informed clinicians. 
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Dr Tarlow and co-workers comment: 


Dr Robb and Dr Davidson make many points and it 
seems reasonable to deal with each separately : 

(1) Our assessment of the value of the breath hydrogen 
test differs from theirs and that of others. They have not 
published their own results and it is therefore not 
possible for us to comment on them, but none of the three 
references they quote deals with the role of breath 
hydrogen testing in the course of acute gastroenteritis. 
Two use it in the diagnosis of hyposucrasia (one in adults 
and one in children) and the third discusses its role in a 


561 


562 Correspondence 
variety of chronic diarrhoeas, particularly coeliac disease. 
(2) We agree that a 0-5 g/kg dose of lactose may be 
inappropriately low for the diagnosis of lactose in- 
tolerance. As we explained in our paper, we chose this 
dose to avoid precipitating marked fluid loss in patients 
who might be very sensitive to a lactose load. When this 
proved not to be the case we increased the load to 2 g/kg. 
(3) The 40% of our patients who showed a positive 
breath hydrogen test after a 2 g/kg lactose load were 
children with acute gastroenteritis, and cannot be 
compared directly with their quoted figure of 38% in 
post-gastroenteritic children. 
(4) They suggest that all of our patients with high breath 
_ hydrogen levels should have been treated with a lactose- 
free diet. We preferred to treat the patient rather than the 
test results, and found that all our patients rapidly 
recovered despite the reintroduction of milk into the diet. 
Again, we cannot comment on their unpublished series, 
but would suggest that in the context of a short-lived 
illness like gastroenteritis clinical response coincident 
~ with the use of a lactose-free diet could not be taken as 
evidence that the response was due to the treatment. 
We feel it is essential to draw the distinction between 
biochemical evidence of lactose malabsorption, as shown 
by the hydrogen breath tést, and clinical lactose intoler- 
ance. As we pointed out, only one of our patients had 
clinical evidence of lactose intolerance, and his breath 
test was normal. 
(5) We agree that children may be less tolerant of lactose 
in water than in milk, and that false-negative responses 
may be associated with treatment with antibiotics. 
Neither of these comments appears relevant to our paper. 
The children who developed positive breath hydrogen 
tests after a load were asymptomatic and therefore not 
intolerant of lactose despite their positive test, and the 
single false-negative result we had was in a patient who 
had not recently been given antibiotics. 
(6) The work of Solomons et al.’ suggesting reduced 
breath hydrogen responses in children’ with active 
diarrhoea had not been published when our study was 
performed. However it does not detract from our findings, 
but possibly enhances them, suggesting that the hydrogen 
breath- test is not appropriate in acute gastroenteritis in 
young children. Fasting young infants with acute gastro- 
enteritis overnight, as suggested by Robb and Davidson, 
is not a practical or appropriate form of clinical manage- 


ment, and could not be justified even if it were likely to 
improve the accuracy of this test. 


Neonatal gallbladder distension 

Sir, 
The recent description of 8 cases of neonatal gallbladder 
distension! and the comment on the rarity of reported 
cases prompts us to report our own recent experience 
of 2 cases in which gallbladder distension occurred in 
circumstances not previously described. 

In the first, gallbladder distension was detected clinically 
in the third week of life and was confirmed by ultrasound 
examination. This infant was greatly growth retarded, 
had suffered severe perinatal asphyxia, developed re- 
peated convulsions for which a period of ventilation was 
necessary, and also had a hypoxic cardiomyopathy 
leading to cardiac failure. Immediately before digitalisa- 
tion the liver was enlarged to 6cm. After a satisfactory 
clinical response with reduction in hepatomegaly the 
gallbladder was found to be palpable. At this point the 
baby was off ventilator support, had no evidence of 
infection, and was clinically in a recovery phase. The 
gallbladder diminished in size during a period of a week. 

In the second case an enlarged galibladder was de- 
tected on palpation at the end of the third week. No 
ultrasound confirmation was obtained. This baby had 
evidence suggesting a patent ductus arteriosus and was 
bordering on cardiac failure with tachypnoea and a liver 
enlarged to 4cm. No treatment was necessary and by 
the next fortnight the gallbladder was impalpable and 
the liver reduced to normal. Neither infant was jaundiced. 

It is interesting to postulate that in each case gall- 
bladder distension was a consequence of cystic duct 
obstruction by hepatic venous engorgement. 


Reference 
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tic neonates. Arch Dis Child 1982; 57: 73-6. 
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Children with Chronic Arthritis. A Primer 
‘for Patients and Parents. By G F Williams. 
(Pp. 365; illustrated. Hardback, price not 
eziven.) PSG Publishing Company: Massa- 
chussetts. 1981. 


+ eg è, @ æ 


poractising physician or surgeon to give 
thim details. of the condition and the 
orognosis, and if the patient is a child 
‘here is the double responsibility of 
nforming both him and his parents. The 
tuthor is an eminent American paediatri- 
tian from Stanford University (where he 
s clinical professor of paediatrics as well 
Ws a consultant in rheumatology) and 
he book, which is designed primarily 
‘or patients and parents, is eminently 
«eadable. It does not assume any previous 
iedical knowledge, yet it succeeds in 
xplaining the minutiae of paediatric 
Mheumatology with considerable clarity. 
‘t covers all aspects including the ana- 
ymy and physiology of joints, immuno- 
»gy and pathology, as well as the clinical 
sspects of juvenile chronic arthritis 
‘ferred to by the American designation 
f JRA). Other important aspects dealt 
ith in detail include the emotional 
fects of the disease, educational needs of 
atients, and the impact on other members 
` the family, especially the siblings. It is 
sentially a ‘textbook of paediatric 
eumatology for lay people and it will 
rtainly inform those who want to be 
formed. The author does not fight shy 
"` referring to serious, and even life- 
reatening complications, and there is 
«nsiderable emphasis on forestalling 
suble. There is good advice on when to 
ll the doctor. 
I suspect that few parents (and fewer 
tients) will have the necessary stamina 
id determination to read all of this long 
sok; no doubt many will use it for 
™@ference purposes. However, it is recom- 
ended as compulsory reading for anyone 
ring for patients with juvenile arthritis. 


R GRAHAME 


x¢ Development of Hearing. Its Progress 
d Problems. By S Yeates. Studies in 
»velopmental Paediatrics Series. Vol. 2. 
ries Editor M Pollak. (Pp. 237; 


illustrated and tables. £7-95 hardback.) 
MTP Press: Lancaster. 1980. 


This is the second in a series of studies in 
developmental paediatrics. The text covers 
many . facets of ‘hearing development 
succinctly presented in short chapters 
outlining the pertinent physiological and 
physical considerations. Clinical methods 
of testing hearing in babies and young 
children are carefully described. The 
second half of the book deals mainly with 
hearing loss, its causes, management, 
treatment, and the implications for the 
child and his family. 

The author’s style is easy, descriptive, 
sometimes almost conversational, and 
abounds in personal touches. Case ex- 
periences are used to illustrate major 
points, and this gives the impression that 
the work is superficial or anecdotal; this 
is not true as the examples are carefuily 
chosen and complement the preceding 
factual section to facilitate understanding. 
She has kept her intended readership well 
in mind and refrained from going into 
great detail or technical theory, simply 
stressing important points of clinical 
relevance; not all authors are able to 
curtail this desire. 

Sybil Yeates’s intention was to provide 
doctors and those who work with hearing- 
impaired children, as well as those con- 
cerned with hearing screening programmes, 
with a sound working knowledge and a 
practical source of reference. In addition 
she has provided a section on paediatric 
conditions associated with hearing loss, 
including the characteristics of the loss and 
genetic implications. This could be 
helpful to doctors working in any field 
of paediatrics, and should alert audiolo- 
gists to any child in their care who is 
likely to have other paediatric problems. 
She has succeeded in both aims; the 
result is a book written with a sensitivity 
which is clearly based on and emanates 
from her own extensive clinical experience. 

This book should find a place on the 
shelves of all doctors working with 
children and be readily available in 
clinics and surgeries to all disciplines 
participating in developmental 
surveillance. 

PATRICIA M SONKSEN 
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Neonatal Orthopaedics. By R N Hensinger 
and E T Jones. Monographs in Neo- 
natology Series. (Pp. 319 inc index; 
illustrated -+ tables. £26-20 ($39-50) 
hardback.) Grune & Stratton: New York. 
1981. 


The authors are two American academic 
orthopaedic surgeons, and they express 
the hope that this book will stimulate 
more of their colleagues to enter the 
neonatal unit. They stress the importance 
of early diagnosis and treatment at this 
critical time of life, when bones and joints 
are both plastic and growing rapidly, thus 
enabling the surgeon more readily to 
achieve normal alignment and joint 
congruity. Starting with chapters on 
growth and development, and clinical and 
radiological examination the text then | 
deals with trauma, infection, skeletal 
dysplasias, and soft tissue problems. 
Finally there are five chapters on de- 
formities of the spine, hips, upper and 
lower limbs, and feet. , 
The text is clear and easy to read, an 

there are 143 illustrations but unfortu- 
nately many.of them are of indifferent 
quality. Each chapter has its own biblio- 
graphy and the total number of references 
is 469; this is one of the most useful 
aspects of the book. The main criticism is 
that in the attempt to be all-embracing 
in one small volume the authors have 
written too little about too much; perhaps 
this was intended in order to stimulate 
the reader to consult more definitive 
works. Many people may feel that the 
price is too great to pay for a primer 
however good it may be. 

PETER M DUNN 


Neurology of the Newborn. By J J Volpe. 
Major Problems in Clinical Pediatrics 
Series. Vol. 22. Series Editors A J Schaffer 
and M Markowitz. (Pp. 648 including 
index; illustrated + tables. £35-75 
hardback.) Saunders: Philadelphia. 1981. 


This is a personal account of the neurology 
of the newborn that presents the subject 
in a balanced and clear context. The book 
covers human brain development, neuro- 
logical evaluation, hypoxic-ischaemic brain 
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injury, and intracranial haemorrhage, 
metabolic encephalopathies, disorders of 
the motor system, and the effects of 
drugs on the developing nervous system. 
The general format and text in each part 
is well structured with chapters dealing 
with various aspects of the subject. For 
example, the part on hypoxic-ischaemic 
brain injury and intracranial haemorrhage 
has chapters on biochemical and physio- 
logical disorders relevant to the mechan- 
ism of brain injury, neuropathology, and 
clinical aspects, and various types of 
intracranial haemorrhage including sub- 
dural, subarachnoid, intracerebellar, and 
periventricular and intraventricular hae- 
morrhage. This approach gives an unusual 
breadth and freshness as the author 
brings together a wealth of knowledge 
which contributes to a better under- 
standing, recognition, treatment, and 
prevention of neurological diseases in the 
newborn baby. Areas for future research 
are mentioned, and at the end of each 
chapter there is an extensive list of 
pertinent and up-to-date references to 
. books for further reading. 

Various diagrams, tables, and photo- 


graphs have extensive explanatory foot- 
notes because some of the material has 
been taken from articles published in 
journals and monographs which may not 
be familiar to paediatricians. The quality of 
the diagrams and photographs is of a 
high standard which enhances the lucid 
presentation of information in each 
chapter. There is liberal use of headings 
and this together with the index makes it 
easy to refer to specific topics, since this 
book is not a basic clinical text. 

Much emphasis is given to the applica- 
tion of computed tomography in the 
diagnosis of neurological conditions in 
the newborn baby, and there are photo- 
graphs of computed tomography scans to 
illustrate the types of brain lesions that 
can be diagnosed. The author has also 
included information about brain imaging 
by ultrasound for diagnosing intra- 
ventricular and germinal layer haemorr- 
hages, and about brain-stem auditory 
evoked response which may be more 
extensively used in the future to diagnose 
sensorineural deafness in early infancy. 

Although this is an expensive book, 
perhaps justifiably so since it is attrac- 
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tively presented on good quality paper 
with clear printing, it is one that paedia i 
tricians concerned in the care of the i4 
born and their follow-up, as well as 
paediatricians with an interest in neu- 
rology, can repeatedly turn to with 
confidence. Professor Volpe is to be 
congratulated on his achievement. - 


S W D’SOUZA 
Shorter Notice 


A Colour Atlas of Ear Disease. By R A 
Chole. Wolfe Medical Atlases Series. 
(Pp. 75 including index; illustrated. 
£15-00 hardback.) Wolfe: London. 1982. 


The honest paediatrician will admit thaw 
he often has difficulty in interpreting what 
he sees through the otoscope although he 
uses it a great deal. Sessions examininy 
eardrums through the operating micro- 
scope with an ENT colleague may be the 
best way to learn. This expensive book 
with 171 colour illustrations taken by : 
special photographic technique, is ar 
alternative although some of thé con 
ditions illustrated are not relevant t» 
paediatrics. 
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Everyone agrees that breastfeeding gives a 
baby the best start in life, but when 
breastfeeding is not chosen or is not 
possible Aptamil or Milumil canbe used __ 
with confidence. They meet the latest DHSS 
recommendations for the composition of 
infant formulae and are granulated for easy 
mixing and measuring. Aptamil and Milumil 
are available from your local chemist. 


New Aptamil Milumil For further details.please contact Dept, ADC 7/82 


— a fully adapted baby milk -a modern modified baby Milupa Limited, Milupa House, 

formula that may be milk that is particularly Hercies Road, Hillingdon, Middx. UB10 9NA 
preferred for the newborn suitable when baby needs 

infant where breastfeedingis a more satisfying milk 

not chosen or isn’t possible. food. 
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James Spence Medallist, 1982 


Dermod MacCarthy 





Dermod MacCarthy was consultant paediatrician 
for Stoke Mandeville, Amersham, and High 
Wycombe Hospitals in Buckinghamshire from 1950 
to 1976. He was honorary children’s physician to the 
Institute of Child Psychology, London from 1958 
to 1978. From its foundation in 1961 he has been a 
friend and adviser to the National Association for 
the Welfare of Children in Hospital. He has been a 
pioneer in the development of facilities for children 
in hospital that encourage family contact and which 
put the child’s needs paramount. His influence on 
younger paediatricians has been immense by his 
example, his writing, and his diplomatic skill as a 
teacher. One of his less well-known but most 
appreciated roles has been that of convener of 
meetings for the Paediatric Psychology Discussion 
Group with Miss Anna Freud in her Hampstead 
home. In his retirement Dermod MacCarthy has 
continued to be active on behalf of children and, 


565 


characteristically, was one of a small group of 
paediatricians who earlier this year met to form a 
Child Psychology and Psychiatry Group within the 
British Paediatric Association. 

At the joint meeting of the Scottish Paediatric 
Society and the British Paediatric Association at 
Aviemore in Scotland in April the President, Dr G K 
Komrower, pointed out how unusual it was for the 
premier award of the British Paediatric Association 
to be made to someone who had not spent the 
productive years of his professional life in a teaching 
hospital or a university department: in his position 
as a community paediatrician in a peripheral country 
setting ‘Dermod MacCarthy is to paediatrics what 
William Pickles in Aysgarth was to general practice’. 
He drew attention to the similarity in interest 
between the recipient of the medal and the one 
commemorated. 


‘James Calvert Spence was a forward looking 
paediatrician, a sensitive good clinician, and a 
staunch believer in the importance of the mother 
and baby attachment and the position of the child 
within the family, qualities and beliefs that are 
shared by Dermod MacCarthy whom I present to 
you today as this year’s medallist. This award is 
made for outstanding contributions to the advance- 
ment and clarification of paediatric knowledge. 
‘Dermod grew up in a cultured, enquiring, critical, 
non-medical environment and this is charmingly 
portrayed in a talk he gave to an Oxford paediatric 
meeting some years ago when he described his 
memories of childhood. The description of: his talks 
with his father who loved to hold long conversations 
while in the bath, Dermod’s dislike of ladies with 
hair on their face who insisted on giving him a wet 
kiss, and more important his memory of the feeling 
of isolation at the time of his tonsillectomy and his 
early awareness that most adults had forgotten their 
childhood or at least had not retained any memory 
that would be helpful in their understanding of the 


` problems of childhood. As a result, he determined 


that he would remember his childhood, later saying 
that to see with a child’s eye is likely to help one in 
bringing up children, teaching, or caring for them 
when they are ill. Beeps become a doctor 


at the age of 8 Kars AR RICH phasise this, he 
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dissected a pig’s heart with his brother; he deter- 
mined to be a paediatrician while a medical student 
at St Bartholomew’s Hospital, London. 

‘After serving in the Royal Navy and then return- 
ing to Great Ormond Street and the Institute of 
Child Health, Dermod was appointed consultant 
paediatrician at Aylesbury. This was a new appoint- 
ment in a small town without an established paedi- 
atric unit. He quickly set to work to create an 
active and clinically reliable unit with a high 
standard of enquiry, observation, and care, and 
wrote helpful papers describing his approach to 
some common disturbances in childhood. Like so 
many young paediatricians of his generation, 
Dermod was greatly influenced by James Spence’s 
teaching concerning mother and child relationships 
and the purpose of the family. At that time Spence 
had recently opened the babies hospital in Newcastle 
where mothers accompanied their infants into 
hospital when sick or requiring operation, and 
Dermod introduced this policy into his small 
peripheral unit in Aylesbury. This meant that 
mothers were encouraged to live with their infants 
in the hospital and this opportunity ultimately was 
afforded to the parents of all children admitted to 
his unit. It allowed him to see the sick child in close 
relationship with its family and apart from facilitat- 
ing diagnosis and management it helped him to 
identify problems of non-accidental injury and 
childhood deprivation. The younger members of this 
Association may not appreciate the prejudices and 
difficulties with which he had to contend, as many 
hospitals at that time were still restricting visiting to 
1 or 2 hours two or three times in the week. He 
spread the mother and baby unit gospel by talking 
and writing and he must have been greatly en- 
couraged by the widespread but not, I regret, 
universal response throughout the country. 

‘In the late 1960s there was considerable interest 
in the problem of growth because at that time the 
ability to measure growth hormone and other 
pituitary secretions became possible. In addition 
anthropometric measurements became much more 
precise. Dermod MacCarthy studied the effect of 
deprivation on growth, or failure of growth, in 


children. Apart from accurate measurements and 
assessment of the emotional state of the child there 
were careful measurements of growth and allied 
hormones. The work is now well known to all of 
us and helped in the clarification of paediatric 
knowledge. 

‘Those of us who know Dermod well have been 
fortunate in enjoying his charm, his great sense of 
fun, and his wisdom. I thought it would be easy to 
write something meaningful about him but I am 
concerned that by being so close I might well take 
his wit and intelligence for granted and fail to give 
you a true picture of this fully rounded person. All 


- this could not have been achieved without the love 


and help of his wife Marie-France whom we welcome 
here today. She has been a great support to him and 
as you will realise it is a joy to visit them in 
Lear House and to share their fun and cultivated 
conversation. 

‘Members. of the Association it gives me great 
pleasure to present the Spence Medal to Dermod 
MacCarthy on your behalf.’ 


James Spence Medallists 


1960 Professor A A Moncrieff 
1961 Professor R A McCance 
1963 Sir F Macfarlane Burnet 
1964 Professor L S Penrose 
1965 Dr Cicely D Williams 
1967 Professor R R A Coombs 
1968 Dr Mary D Sheridan 

Dr D W Winnicott 
1969 Dr G S Dawes 
1970 Professor D V Hubble 
1971 Dr W W Payne 
1972 Dr R C Mac Keith 
1973 Professor C A Clarke 
1974 Dr J Bowlby 
1976 Dr D M T Gairdner 
1977 Professor R S Illingworth 
1978 Dr S D M Court 
1979 Professor K W Cross 
1980 Professor J M Tanner 
1981 Dr Elsie M Widdowson 
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Annotations 


Trends in birth rate and the provision of paediatric 


Services 


The absolute number of births a year depends both 
on the current fertility rate, and the number of 
women of childbearing age. During the last century 
changes in both factors led to sharp fluctuations, 
ranging from nearly 1000000 births in a year at 
the turn of the century to only 570000 in 1977. The 
Figure illustrates these trends in terms of fertility 
rate and absolute numbers. 

Fluctuations of this magnitude have considerable 
and very variable implications for the paediatric 
services, and some of the more important conse- 
quences will be discussed below. 


Effect on work load 


The effect of such fluctuations on work load depends 
both on the cumulative trend and the consequent 
total of children (defined here as under age 15) and 
on the year-to-year variation in births. The Table 
shows such variations within the last decade. 
Between 1971 and 1980 there has been an average 
fall of over 1 % a year in the total number of children 
of less than 15 years in England and Wales. However 
this overall fall conceals sharper annual changes in 
numbers of births—-for example a fall of 7-3%, 
representing 51000 births between 1973 and 1974, 
and a rise of 8-4% representing 48000 births 
between 1978 and 1979. 








Table Population (thousands) under 15 years in 
England and Wales, 1971 to 198078 





<l 1-4 5-9 10-14 All under 
(as projected 15 
in 1975) 

1971 779 3127 4053 3645 11 604 

1972 735 3088 4067 3741 11 631 

1973 692 3039 4037 3833 11 601 # 

1974 641 2938 3984 3924 11 487 

1975 615 2821 3901 4006 11 343 
(616) 

1976 586 2660 3861 4036 11 143 
(585) 

1977 559 2512 3786 4047 10 904 
(570) 

1978 S569 2389 3699 4019 10 676 
(568) 

1979 617 2320 3559 3977 10 473 
(578) 

1980 639 2322 3424 3904 10 289 
(603) 


The most immediate impact of such changes is on 
the work load generated by neonates—-for instance 
the needs of low birthweight and sick infants—and 
on preventive medicine programmes—such as 
screening and immunisation. To take some simple 
examples, the sharp annual changes described will be 
reflected in the number of Guthrie tests performed, 
and in the number of doses of vaccine required in a 
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year, as well as in the staff and equipment required 
for neonatal intensive care. 

The demand for hospital admissions in infancy 
and childhood will also vary with the size of the 
annual cohort and with the cumulative sum of 
15 consecutive cohorts. To give specific examples, 
the number of squint and hernia operations carried 
out in childhood could vary sharply from year to 
year, as could the number of children with the rare 
defects which nevertheless generate a great demand 
for very specialised medical care—for instance 
leukaemia, and other childhood cancers. The actual 
admission rate will also be influenced by trends in 
admission policy, and this too may be affected by 
the size of the child population. 

This situation does not differ in principle from 
the problems faced in the planning for the medical 
care of adults, except that the age span of children is 
much smaller and far fewer staff and facilities are 
devoted to their care, so that the opportunity for 
‘buffering’ the effect of short-term changes in 
population size is reduced. It follows that there must 
always be a certain amount of ‘slack’ in the provision 
for paediatric care, particularly neonatal care, where 
the impact of change ts the greatest. 


Other effects of changing age distributions in childhood 


There are other, more subtle effects of variations in 
the annual number of births. Perhaps the most 
interesting is the effect on infectious disease trans- 
mission of changing the size of the susceptible pool of 
children from year to year. The possible effect of 
this has been estimated by the use of mathematical 
models.! It will clearly vary from disease to disease, 
and with the immunity status of the older children. 

Other effects may be on behaviour patterns with 
varying proportions of children of different ages and 
birth ranks in the community, and this could affect 
truancy and delinquency rates. 


Effects of changing demographic patterns in births 


Changes in the demographic background of births 
may affect needs for medical care as much, or even 
more, than changes in absolute numbers. 

For instance since 1961 the proportion of births to 
mothers aged 40 to 44 or more has fallen by one-third 
to its present level of less than 1% of all births. 


The effects of this and of other changes in maternal age 
structure on the incidence of Down’s syndrome have 
been documented??? as have the effects of simul- 
taneous changes in maternal age, parity, and social 
class on perinatal mortality. Such changes and 
others relevant to risk of mortality or morbidity— 
such as illegitimacy—and changes in the distribution 
of social class or ethnic group at local or national 
level must be considered in conjunction with changes 
in absolute numbers of births in predicting the 
varying needs for medical care, for depending on 
their nature they may augment or reduce the needs. 
It is of obvious importance that paediatricians and 
other child health professionals should be fully 
aware of current demographic changes in order to 
forecast future staffing, and long-term training 
needs, as well as short- and long-term hospital 
provision. Unfortunately population projections, 
particularly for births some years ahead, are often 
not sufficiently accurate for planning purposes 
(Table). It should become part of district medical 
officers’ duties to keep the paediatricians informed in 
this respect, and to ensure that the planning of 


children’s services is swiftly responsive to 
demographic change. 
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Which infants should not receive intensive care? 


‘Andrew was a baby born 15 weeks prematurely 
weighing only 1 Ib 12 oz and in a state of painful 
deterioration almost from the start. We wanted 
him to be allowed to die a natural death. Andrew’s 
story is the story of what can happen when a baby 
becomes hopelessly entrapped in an intensive care 
unit where the machinery is more sophisticated 
than the Code of Law and Ethics governing its 
use,”* - 


With modern care more and more infants are sur- 
viving at the ‘extreme margin of human viability.’ 
Obstetricians, paediatricians, and nurses justifiably 
take pride in these striking improvements in peri- 
natal mortality. Members of the public have become 
accustomed to success stories about the survival of 
‘miracle babies’. With special skills and modern 
medical technology it seems that anything is possible. 
Unfortunately, there is a darker side to the story. 
For a few babies like Andrew, intensive care will 
fail eventually. For some others with multiple and 
complex abnormalities the ‘miracle of survival’ 
will be the prelude to a lifetime clouded by severe and 
permanent impairment. Considerable professional! 
‘and lay concern, particularly among parents, about 
the quality of life for these impaired survivors and 
the effects on families has led to pleas for the selective 
use of intensive care.? For most infants, treatment is 
continued to the limits of modern knowledge and 
. technology. For a few, as doctors have done for 
generations, the prudent and compassionate course 
of action is to withhold or-stop certain treatments 
in the knowledge that death and relief from suffering 
may result. 

Decisions to withhold or withdraw intensive care 
(aggressive resuscitation, intermittent positive pres- 
sure ventilation, parenteral feeding, complex surgery 
etc.) are troubling and complex. They are particularly 
‘disturbing for the doctors and nurses who work in 
intensive care nurseries where their efforts normally 
are devoted to saving life. To allow an infant to die 
is to contradict the central ethos of the unit and may 
leave emotions in turmoil. The decisions are com- 
plex because they concern judgments that not only 
are medical but are moral, ethical, and legal and for 
which doctors have little or no formal training. 


How large is this problem? 


In 1973 we reported that 14% of all deaths in a 


large regional intensive care nursery had occurred 
as a result of decisions to withdraw or withhold 
intensive care.? Recently we have reviewed current 
experience in a different nursery and the equivalent 
figure is 20-5%. This does not mean that more 
babies are now being denied intensive care, but rather 
that there has been an overall improvement in 
neonatal mortality rates. Stated simply, about one- 
fifth of all neonatal deaths or 1-2 infants for every 
1000 infants born alive are being ‘allowed to die’. 

Three groups of infants are affected. Firstly, there 
are the infants born at the very limits of viability, 
limits that have changed so strikingly with recent 
improvements in obstetric and paediatric care that it 
is arguable if any lower limit is a valid concept. 
Secondly, there are babies whose brains have been 
damaged by disease or complications occurring 
during pregnancy and birth and for whom a normal 
life is extremely unlikely—for example after severe 
birth asphyxia. Thirdly, there are infants with 
complex and often multiple congenital abnormalities, 
generally but not invariably, affecting the brain and 
spinal cord and who are deformed to an extent that 
will leave them tragically handicapped despite all 
that modern medical and surgical treatment can 
offer. ) 


How small is too small? 


Neonatal intensive care of high quality is associated 
with greatly improved survival in very low birth- 
weight infants and -the-majority of such infants can 
look forward to normal development. Under 26 
weeks’ gestation (< 800 g birthweight) the mortality 
is still high even in the best units, and the risk of 
handicap in the survivors is considerable, perhaps 
unacceptable to many parents. It seems reasonable 
for each nursery to develop criteria for intensive 
care based on and modified by experience. These 
might include a ‘cut-off’ weight below which certain 
treatments. (for example, intermittent positive 
pressure ventilation) would not be used at least until 
the implications and options had been discussed with 
the parents who, after all, must primarily bear the 
consequences of any decision. A ‘cut-off’ weight for 
intensive care only. makes sense if it remains flexible 
and dependent on such factors as gestational age, 
the state of the infant at birth, the presence and 
timing of complications, the parents’ views and.the 
family circumstances, and the available resources. 
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While our ‘cut-off’ is not rigid, during the last 4 years 
we have ventilated only one infant under 750 g, 
although all have received skilled care short of 
assisted ventilation (D J Lloyd, 1982, personal 
communication). 

With future developments in care and improved 
techniques for the assessment of prognosis in 
individual infants there may be no need to consider 
withholding intensive care from some infants no 
matter how tiny, assuming of course that the staff 
and resources will be made available. But we are 
approaching the stage of gestation when extra- 
uterine survival can be maintained only by using 
some form of extracorporeal artificial placenta. 
Almost certainly this could become possible tech- 
nically, but it might be an appropriate point to 
‘draw the line’ while we contemplate the ironies and 
implications of overlapping with the legal limit for 
abortion. 


How handicapped is too handicapped? 


Most infants with handicapping disorders are 
treated aggressively and, with rare exceptions, 
doctors, nurses, social workers, and parents agree 
on the appropriate course of action. In a number of 
articles we have indicated the dilemmas that can 
occur when doctors and families together choose to 
allow infants to die rather than subject them to 
pointless and sometimes cruel treatment.” 3 We have 
been criticised for our apparent unwillingness to 
state criteria which would identify infants from 
whom we would consider withholding treatment.* 
Many paediatricians would probably agree that the 
most important medical criterion is severe abnor- 
mality, disease, or damage to the central nervous 
system, especially the brain, which will have deva- 
stating consequences for development. If there is 
little prospect of freedom from crippling disabilities 
that will prevent the attainment of a personal life of 
meaning and quality, and a measure of independence 
from others, then extraordinary means to sustain 
or prolong life are inappropriate. Specific examples 
include infants with hydranencephaly, severe neural 
tube defects, gross hydrocephalus if complicated by 
infection, and chromosomal disorders such as 
trisomy 13 and 18. Infants with extensive and fully 
documented (by clinical and imaging criteria) brain 
damage after asphyxia and haemorrhage might also 
be included. In some conditions, notably Down’s 
syndrome with complications, there is considerable 
disagreement about the appropriate course of action. 
But decisions should not be made on ‘technical’ 
criteria alone. They must be based on accurate 
diagnosis and a detailed, expert, and thoughtful 
review of all the medical and social realities including 


an objective assessment of likely outcome. Above 
all, the views of parents (and families) should be 
pivotal if not paramount in seeking the ‘least 
detrimental alternative’ for the infant. 


Taking the decision 


Taking these decisions are supreme tests of medical 
leadership. They must be made by a consultant and 
be seen to be his or her decision, even if strongly 
influenced by parent and family views. They should 
be agreed with a colleague. They should be made 
only after time for reflection and review of the 
options and the implications both of treatment and 
non-treatment. They must not be arbitrary or hasty 
and must be seen to be widely shared, particularly 
with the nurses and junior doctors who are in direct 
and consistent contact with the baby and on whom 
the emotional burdens of care fall most heavily. 
Anyone who is uncomfortable with the decisions 
taken on behalf of an infant who feels that they 
conflict with his own sincerely held views should 
not be expected to participate. The doctor should be 
convinced that withholding or withdrawing intensive 
care is in the best interests of the baby and the family 
and should be prepared to defend the decision. 
Accordingly, the process of decision-making should 
be recorded in the infant’s record. 

Undoubtedly, for us as doctors, the easy way out 
is to treat every infant aggressively using all the life- 
saving technology at our disposal. We could avoid 


‘stumbling into the moral and legal pitfalls of which 


philosophers and lawyers keep reminding us. We 
could do a fine job technically and ignore the stark 
realities of child and family handicap. But to pretend 
that there is no decision to make‘. . . is an arbitrary 
and potentially devastating decision of default. 
Since families and patients must live with the prob- 
lems one way or another in any case, the physician’s 
failure to face the issues may constitute a victimising 
abandonment of patients and families in times of 
greatest need.’ 3 As Ingelfinger stated ‘ . .. current 
attempts to de-mysticise and debase the status of the 
physician are compromising his ability to provide 
leadership (not exercise dictatorship) when health 
and life are at stake—-a function that may be the 
most important service that the physician renders 
to society.”® 


‘There ought to be a law’ 


To allow an infant to die without life-saving care 
may be interpreted as illegal and paediatricians 
have felt increasingly vulnerable to accusations of 
murder by crusading lawyers and moralising pressure 
groups. On the one hand there have been calls 
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for stricter interpretation of existing laws and, on 
the other, for new legislation that will recognise a 
group of ‘chronically disabled’ infants who can be 
allowed to die provided certain safeguards are met.® 
Traditionally, the law has shown considerable 
latitude in allowing a doctor and patient (or parents 
in the case of an infant or young child) the discretion 
to decide what is in the patient’s best interests. 
Public opinion, as far as can be judged, would also 
prefer to see these decisions left with doctors and 
families. Even some lawyers believe that the law is 
too blunt an instrument to deal with matters of 
individual conscience. While new legislation might 
protect paediatricians from attack by ‘Right to Life’ 
groups and the threat of prosecution in the Courts, 
there is the danger that it could be detrimental to 
the close and trusting relationships that should 
develop among staff and between staff and parents 
in an intensive care nursery. It would be absurd to 
claim that doctors should be allowed to practise 
outside the law but it must be appreciated that rigid 
laws are of little help in reconciling the realities of 
modern medicine with the individual injustices of 
biology. Nevertheless doctors must be accountable 
and act within the kind of medical and moral 
framework that most colleagues and the majority 
of the public would find acceptable. In other words, 
as paediatricians we have a major responsibility to 
ensure that the process of decision-making will stand 
up to the most rigorous scrutiny. 

Admittedly, as with many medical decisions, much 
depends on trust-——-trust in the knowledge, judgment, 
and integrity of the doctors and parents in putting 
the infant’s interests above their own. With rare 
exceptions this trust appears to be justified. The bonds 
of affection within a family are strong, even for a 
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newly-born member, and the agony of facing up to 
these difficult choices are protective of the infant’s 
rights, not only from caprice but from the unthinking 
application of technology. Unless we are to apply 
modern treatments indiscriminately, and this in my 
view would be irresponsible, it is difficult to see how a 
‘child advocate’, an ethics committee, or the Courts 
could do any better. If choices are made openly, 
as is advocated, abuses should be easy to detect. 
Perhaps there will be fewer demands for court action 
if individuals or organisations that seek to interfere 
in the intensely private affairs of families under 
stress can see that the choices were considered 
carefully on accurate information, were shared 
among professionals, and were debated thoroughly 
between doctors and parents. Perhaps they might 
also consider the harm they may be doing by intrusion 
into family grief that is none of their business. 
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Sudden natural death in later childhood and 


adolescence 


NILS MOLANDER 


Department of Forensic Medicine, University of Lund, Sweden 


SUMMARY During a 6-year period 389 children and adolescents aged between 1 and 20 years died 
violently and 31 died suddenly, naturally, and unexpectedly in an area of southern Sweden. In about 
half of these 31 cases, death was caused by common infectious diseases—for example broncho- 
pneumonia, myocarditis, or acute epiglottiditis. In one group death was certainly sudden, but was 
caused by a known chronic disease—such as epilepsy or bronchial asthma. Three young men died 
from chronic heart disease, and one died from adrenal failure during or immediately after physical 
exertion. There were 4 cases of sudden, natural death for which the cause was unknown—that is 
0-007 per 1000 live births. This figure is extremely low compared with the incidence of sudden 
‘unexplained infant death—that is deaths of infants aged between one week and one year, 


Sudden, unexpected, and natural death in childhood 
and adolescence is rare! Although the cause of 
sudden, unexpected, natural death in infants is the 
subject of comprehensive studies, deaths in children 
and adolescents have met with little interest. 

Recently Schultz et al.? reported on such cases, 
necropsied at a department of forensic medicine 
in Germany, but it was not clear how the cases had 
been chosen for necropsy. However, it can be 
assumed that they were taken at random. 

Swedish regulations stipulate that any unnatural 
death must be reported to the police. Natural death 
too must be reported if it occurs outside hospital 
and the cause cannot be established with certainty. 
If the doctor responsible for the treatment of the 
deceased is not available to issue a death certificate, 
a necropsy investigation has to be carried out at a 
department of forensic medicine. 

This study was carried out primarily to gain 
understanding of the most common causes of sudden 
unexpected natural death in later childhood and 
adolescence. It was also done to establish if sudden 
inexplicable natural deaths, resembling sudden infant 
death syndrome, are confined to infants, as is 
generally supposed, or if they occur also in older 
children in whom morphological changes due to 
ageing and similar processes that might be inter- 
preted or misinterpreted as a cause of death, are not 
likely to be found. 


Material 


The Department of Forensic Medicine in Lund is 
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responsible for an area of southern Sweden with a 
population of about 1 800 000 inhabitants, of whom 
about 450000 are between 1 and 20 years old. 
According to the official Swedish statistics 111 566 
persons died in the area between 1 January 1974 and 
31 December 1979. Nine hundred and fifty-four 
persons were between 1 and 20 years old. In 522 
cases death certificates were issued by either the 
doctor who treated the patient or a clinical patho- 
logist. The remaining 432 cases. were necropsied 
at the Department of Forensic Medicine. This study 
is not a prospective investigation; it is based on the 
records of each necropsy and on the microscopical 
findings. 

The necropsy investigations were performed in a 
standardised manner with a gross and a micro- 
scopical examination. Material for chemical analysis 
was preserved if there was any suspicion of intoxica- 
tion or if the cause of death was not obvious from 
the macroscopic findings, and in cases of traumatic 
death. 

Material for bacteriological analysis was preserved 
if there was any suspicion of infectious disease. 
Police reports were generally based on a short 
investigation into the particulars of the fatality. 


Results 


In the present material of 954 deaths, death was 
unnatural in 389 cases (accidents, suicide, or 


. homicide), that is in about 40%. In 522 cases death 


was due to clinically treated diseases. The remaining 
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43 cases of sudden natural death could be classified 


as follows : 


Chronic disease. Known chronic disease was the 
cause of death in 12 cases. The physician was not 
available to sign a death certificate so each was 
necropsied. However they are of no interest to this 
study and are not mentioned further. 

Death in 7 individuals was caused by chronic 
disease known to be consistent with an almost 
normal length of life, but also known to cause 
sudden death (Table 1). The group is dominated by 
bronchial asthma and epilepsy but includes one 
case of diabetes mellitus and one of familial cardio- 
myopathy (fibroelastosis cordis). Bronchial asthma is 
easily diagnosed at necropsy by the characteristic 
changes in the lungs. The diagnosis of grand mal 
seizures is based on the history and on the exclusion 
of other causes of death. The immediate cause of death 
in the diabetes mellitus case was acute myocardial 


Table 1 Death due to known diseases 


infarction caused by coronary thrombosis due to 
severe coronary arteriosclerosis. 


Death from an apparently trivial disorder. Fourteen 
individuals had shown slight symptoms of an 
apparently trivial disease a short time before death 
and died suddenly and unexpectedly (Table 2). 
In 11 of them necropsy showed that death was the 
consequence of acute infectious disease—for example 
bronchopneumonia, acute epiglottiditis, or myo- 
carditis. In the remaining 3 (Cases 19, 20, and 21) 
the cause of death could not be explained. 


Case 19 

A 2-year-old previously healthy boy was found dead 
in bed after one week of fever and symptoms of 
‘common cold’. Necropsy showed macroscopically 
an otitis media and firm lungs. Microscopically the 
mucosa of the epiglottis contained a few poly- 
morphonuclear leucocytes. There was oedema of the 
lungs and in a few lung alveoli clusters of alveolar 





Case Age (years) Sex Clinical diagnosis 
1 2. Boy Epilepsy 
2 4 Girl Epilepsy 
3 13 Girl Familial cardiomyopathy 
4 19 Girl Diabetes mellitus 
5 12 Girl Bronchial asthma 
6 t6 Boy Bronchial asthma 
7 19 Boy Bronchial asthma 


Circumstances at death Cause of death 


Epileptic attack © 

Epileptic attack 

Cardiac failure due to 
fibroelastosis cordis 

Coronary thrombosis and - 
fresh myocardial infarction 

Asthmatic attack 

Asthmatic attack 

Asthmatic attack 


Found dead in bed 
Grand mal seizure 
During bicycling 


Found dead in bed 
Asthmatic attack while bicycling 


Found dead 
Asthmatic attack at home 





Table 2 Death after apparently trivial disorders of short duration in healthy individuals 





Case Age years) Sex Symptoms 


Duration Circumstances at death 


Cause of death 


8 2 Girl Inflamation of upper i month Found dead in bed Bronchopneumonia 
respiratory airways 
9 3 Boy (Known epilepsy} upper 1 week Found dead in bed Bronchopneumonia 
respiratory airways symptoms 
10 18 Boy Fever 4days Died in bed Bronchopneumonia 
11 5 Girl Fever, fatigue 1 week Sudden apnoea at home, died Myocarditis 
in ambulance 
12 2 Boy Fever 4 days Died while being taken to Epiglottiditis 
hospital 
13 16 Girl Sore throat 1 day Died while being taken to Epiglottiditis 
hospital 
14 16 Boy ‘ Gastrointestinal pain 10 days Died in bed Peritonitis due to gangrenous 
appendix 
15 1-5 Boy Fever, fatigue, vomiting 1 week Died in hospital after 2 days’ Septic shock (f-haemolytic 
clinical treatment streptococci group B) 
evidence of inflammation of 
internal organs 
16 2 Boy Fever, fatigue 1 day Found dead in bed Meningitis (Haemophilus 
influenzae) 
17 16 Girl Sore throat t week Found dead in lavatory Ruptured spleen (generalised 
mononucleosis) 
18 1-7 Boy Fever 3 days Found dead in bed Bronchopneumonia 
19 2 Boy Fever, upper respiratory i week Found dead in bed Unexplained 
airways symptoms 
20 14 Boy Had finished 10-day treatment 10 days Found dead in bed Unexplained 
with antibiotics for common 
cold 
21 17 Boy Headache 1 day Vomited and found dead in bed Unexplained 


an hour later 
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macrophages. The toxicological screening analysis 
for alcohol, barbiturate, salicylate, and meproba- 
mate was negative. 


Case 20 

A 14-year-old previously healthy boy, who had 
suffered from a ‘cold’ and on the day before had 
finished a 10-day penicillin treatment, was found 
dead in bed. The day before his death he felt only 
tired. Necropsy showed macroscopically firm lungs; 
microscopically clusters of .macrophages were 
found in a few lung alveoli, and there was oedema of 
the lungs. The toxicological screening analyses for 
alcohol, barbiturate, meprobamate, chlorinated 
hydrocarbons, benzene, toluene, xylene, carbon- 
monoxide-haemoglobin, and substances extractable 
in acid and alkali were negative. 


Case 21 
A 17-year-old previously healthy boy who went to 
bed apparently without any symptoms of disease, 
woke up in the morning and felt sick. An hour 
later he was found lifeless in bed. Intense resuscita- 
tive efforts at hospital were unsuccessful. Necrapsy 
showed no macroscopic changes except signs of 
resuscitation. Polymorphonuclear leucocytes in a 
few bronchi, oedema of the lungs, and clusters of 
alveolar macrophages in some alveoli were found 
microscopically. Slides stained with Mallory’s 
PTAH revealed injury to the cytoplasm of the cardiac 
muscle cells suggesting fresh coagulation necrosis. 
The changes were regarded as an effect of the 
intense resuscitation. The toxicological screening 
analysis for alcohols, barbiturate, meprobamate, 
chloroform, trichloroethylene, benzene, toluene, 
and xylene was negative. 

In none of these cases of unexplained death 
was bacteriological analysis performed. 


Death without preceding symptoms. Five apparently 


healthy individuals suffering from no acute illness 
before death; died without any indication of mental 
or physical stress (Table 3). However death was 
explained when necropsy showed clear pathological 
changes—such as myocarditis or epiglottiditis. 

Five apparently healthy individuals suffering 
from no acute illness before death, died during or 
immediately after physical exertion (Table 3). In 
4 of them disease was present, but in the fifth the 
cause of death remained unknown. 


Case 27 

A previously healthy 13-year-old boy fell during a 
cross-country race at school. He was taken to 
hospital but was dead on arrival. At necropsy there 
was, macroscopically, a small atheromatous plaque 
in the left coronary artery. Microscopically, the 
heart muscle cell nuclei showed slight variation in 
size and there was oedema of the lungs and in some 
alveoli were clusters of alveolar macrophages. The 
cause of death could not be explained. 


Case 28 

During a cross-country race in his first week of 
military training a previously healthy 19-year-old 
boy stumbled and fell. Resuscitation could not save 
his life. He had been a keen athlete until about a 
year before death when, for unknown reasons, he 
stopped training. Fitness tests at enrolment during 
the time he was training showed excellent results 
for both strength and endurance. Necropsy showed 
macroscopically and microscopically fibrosis and 
calcification of the adrenals. The toxicological 
screening analysis for alcohol, barbiturate, and 
meprobamate was negative. 


Case 29 

A previously healthy 19-year-old boy was doing his 
military service. In his spare time he visited a sports 
ground where he practised athletics with a friend. 


Table 3 Death without preceding symptoms in apparently healthy individuals 





Case Age (years) Sex Circumstances at death 


Cause of death 


22 1-7 Boy - Found dead in his carriage Myocarditis 

23 6 Girl Immediately after a rest Myocarditis 

24 6 Boy Found dead in bed Myocarditis 

25 12 Boy Woke up, dropped dead Probably septic shock (B-haemolytic streptococci 
group G), no changes in the internal organs 

26 19 Boy Found dead Epiglottiditis 

27 13 Boy Died during cross-country running Unexplained 

28 19 Boy Died during cross-country running in military Addison’s disease due to calcification of the 

service adrenals : 

29 19 Boy Died driving a car after athletic training Myocardial fibrosis (isolated scar in the 
myocardium 8 x 2 cm, no changes in the 
coronary arteries) 

30 19 Boy Immediately after swimming Cardiac hypertrophia (520 g} 

31 19 Boy Died during cross-country running in military Stenosis of the left coronary artery due to wall 


service 


fibrosis and with two myocardial scars 
(10 x 3-5 and 8 x 4 cm) 
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Driving his own car home, he complained of fatigue 
and dizziness. He stopped the car and fell over the 
steering-wheel, lifeless, and could not be resuscitated. 
Six months earlier electrocardiogram (ECG) 
recordings had been made at enrolment. These 
showed signs of the Wolff-Parkinson-White syn- 
drome of pre-excitation and a slight lowering of the 
ST-T segment. He was given an exercise stress test 
which showed lowering of the ST-T segment during 
and after bicycling. Necropsy showed an 8 x 2cm 
myocardial scar in the anterior wall of the left 
ventricle. There were no pathological changes in the 
coronary arteries. The toxicological analysis for 
alcohol and barbiturate was negative. 


Case 30 

A previously healthy 19-year-old boy went swimming 
with some friends. He came out of the water after a 
100-metre swim and fell on his face. His friends were 
unable to resuscitate him. He had done military 
service the previous year without any problem. The 
ECG record at enrolment showed signs of the 
Wolff-Parkinson-White syndrome of pre-excitation, 
and also signs of left ventricular hypertrophia. The 
recording was regarded as ‘not definitely abnormal’. 
Necropsy showed pronounced cardiac hypertrophy 
(520 g), oedema of the lungs, and congestion of the 
internal organs. The toxicological screening analysis 
for alcohol, barbiturate, and phenothiazine was 
negative. 


Case 31 

A 19-year-old boy stumbled and fell during a cross- 
country race while doing military service. He could 
not be resuscitated. He had been a patient at a 
cardiology clinic since aged 4, firstly because of a 
systolic murmur, and latterly because of fatigue and 
non-specific pain in the chest. He had been cathe- 
terised twice because mitral valve insufficiency was 
suspected, but the results were inconclusive. He 
had been given several exercise stress tests which 
showed low work capacity and ST-T lowerings 
possibly of coronary type. During these tests he 
had not mentioned any pain in the chest and his 
last test had shown regression of the ST-T-—changes 
and was regarded as ‘not definitely abnormal’. He 
had been allowed to do military service because of 
his ambition to become an air force pilot. At 
necropsy an enlarged heart (445 g) with a fibrotic 
scar measuring 10 x 3-5 cm in the anterior wall and 
a scar measuring 8 x 4 cm in the posterior wall of 
the left ventricle could be seen. Microscopically, these 
areas consisted of fibrous tissue, surrounded by some 
muscle cells showing signs of fresh infarction 
(Mallory’s PTAH stain). There was a severe stenosis 
in the left coronary artery immediately below its 


origin, which microscopically consisted of fibrous 
tissue and a few macrophages. The toxicological 
screening analysis for alcohol, barbiturate, and 
meprobamate was negative. 


Discussion 


Sudden natural death in young people is a subject 
poorly represented in medical papers.’ 

The material presented here is based on the 
necropsies at a department of forensic medicine. 
Such material is, of course, a selection of deaths. : 
It contains all unnatural deaths and sudden natural 
deaths, even if death occurred a short time 
after admission to hospital in seemingly healthy 
individuals. 

The large number of unnatural deaths in this age 
group is in accordance with other studies. The low 
number of sudden, natural, unexpected deaths is 
striking. During a period of 6 years, there were only 
31 unexpected deaths in a total population of about 
1 800 000 of whom about 450.000 were of people 
aged between 1 and 20 years. In view of Swedish 
regulations concerning the issuing of death certific- 
ates, and the manner in which such regulations are 
complied with, it is unlikely that any further case 
of sudden natural and unexpected death occurred. 

In this material there was a group of patients who 
suffered from chronic diseases such as bronchial 
asthma and epilepsy. Although such diseases are 
compatible with a normal lifespan, sudden death is 
recognised. Deaths in this group were regarded as 
sudden and unexpected by the physician responsible 
for the deceased and by the relatives. 

It is known that persons suffering from chronic 
heart disease may die suddenly, during or im- 
mediately after mental or physical stress. In this 
material were 3 such cases. They demonstrate, - 
as shown in other studies,°® that severe cardiac 
disease can remain undetected despite a thorough 
medical examination. 

In 2 cases in which heart disease was the cause of 
death, previous ECG recordings had shown the 
Wolff-Parkinson-White syndrome of pre-excitation. 
In Sweden the Minnesota code is used for the 
interpretation of ECG recordings. The code states 
that in cases of pre-excitation, the finding of changes 
in the QRS-complex or in the ST-T segment is 
difficult to evaluate. In both cases there was a lack 
of subjective symptoms, and this fact, together with 
the recommendations of the code, were obviously why 
the ECG changes had not been considered further. 

In Case 31, thorough examinations at a cardiology 
clinic had been unable to establish a diagnosis. 
Obviously the contradictory results in the exercise 
stress tests together with the boy’s eagerness to 
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become an air-force pilot had mitigated against 
such a finding. Pathologically it was difficult to 
ascertain the genesis of the coronary artery stenosis. 
The changes bore a resemblance to infantile peri- 
arteritis nodosa, endomyocardial fibrosis, and 
arteriosclerosis, but the stenosed part of the artery 
lacked inflammatory changes, lipid deposits, and 
calcification.’ 8 

It is well known that exertion can cause sudden 
death in cases of adrenal insufficiency. It is striking 
that a 19-year-old boy with calcifications of the 
adrenals did not show any symptoms of this disease 
shortly before death. He had performed a fitness 
test about a year earlier during a cross-country race 
and the results had been excellent in every respect. 
When and how had this calcification occurred? 
Snelling? indicates that calcification of the adrenals 
can occur in a matter of weeks and as a consequence 
of spontaneous bleeding. That study however, was 
performed in infants and it is not known how 
quickly calcification develops in young adults. 
Nevertheless, it seems possible that the pathological 
changes in the adrenals of the actual case had 
occurred after the test. The case stresses that 
thorough medical examinations should be done 
immediately before military training. 

In view of the total material it is striking that as 
many as 16 out of the 31 cases of sudden natural 
death were caused by infectious disease. However, 
other studies also confirm this observation and ina 
study of children below age 10, 80% of sudden 
natural deaths were caused by infectious disease.?° 
In a study of adults between 20 and 45 years of age, 
25% of sudden natural deaths were caused by 
infectious disease. These studies and the results 
presented here indicate that infectious disease is a 
leading cause of sudden natural death in young 
individuals. It is known that severe infectious 
disease—for example myocarditis or epiglottiditis 
—-which may be fatal, often are preceded by mild 
symptoms. 

It is known that bacterial infection can cause 
death, with only very modest changes in the internal 
organs,!*-8 and this was so in the two cases of 
probable septic shock presented here. This fact 
and the knowledge that symptoms of infectious 
diseases are often slight, ought to make the preserva- 
tion of material for bacteriological culture obligatory 
in cases of sudden natural death in children and 
adolescents if no clear reason for the death can be 
found. 

-In 4 of the cases presented here, the cause of 
death could not be established. Material for bacteri- 
ological culture was not preserved and infectious 
disease cannot be ruled out, although there was no 
evidence. If these cases are regarded as inexplicable, 


3 of the cases are similar to cases of sudden infant 
death, considering the circumstances at death. 
However, the incidence of inexplicable deaths in 
this age group is extremely low, only about 0-007 
per 1000 live births, to compare with that of sudden 
infant death syndrome, which in Sweden is 0-6 and 
in USA 2-9.44 

Thus, most deaths in this age group are caused by 
infectious disease. It is striking that infections that 
lead to death, have such discrete manifestations. In 
none of the cases where infectious disease caused 
death did physical exertion contribute to the 
fatality. In the 5 cases, where death occurred in 
connection with physical activity, the cause was 
chronic cardiac disease in 3 cases, unexplained in 
One case, and Addison’s disease in one case. Un- 
explained deaths, similar to sudden infant death 
syndrome are few and somewhat questionable, but 
their existence cannot be ruled out from this study. 
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Circulating soluble immune complexes containing — 
pseudomonas antigens in cystic fibrosis 
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Depariment of Immunology, Institute of Child Health, and the Respiratory Unit, The Hospital for Sick 


Children, London 


SUMMARY In order to investigate whether circulating immune complexes containing Pseudomonas 
aeruginosa antigens mediate pulmonary damage in cystic fibrosis, we studied lung function, serum 
immune complex levels, and immunoglobulin concentrations in relationship to chronic pseudomonas 
colonisation in 69 affected children. Sixteen of the children with cystic fibrosis had increased levels 
of immune complexes which contained pseudomonas antigens. There was no significant relationship 
between lung function corrected for the effect of chronic pseudomonas colonisation and the presence 
of such complexes or increased levels of complexes detected by Clq binding or raised serum im- 
munoglobulin concentrations. Our results suggest that these abnormalities in cystic fibrosis are 
secondary effects of chronic infection and they do not provide evidence for immune complex 


mediated lung damage in this disease. 


Recurrent pulmonary infections account for most of 
the morbidity and mortality in cystic fibrosis (CF). 
Chronic colonisation with Pseudomonas aeruginosa 
(PA) is particularly likely to occur and is strongly 
associated with poor lung function.* 3 High titres of 
precipitating antibodies to PA correlate with poor 
prognosis,” 4 and circulating immune complexes (IC) 
demonstrated by a variety of methods®~® correlate 
both with PA infection’ and poor lung function.’ 1° 
Based on this evidence, it has been suggested that 
circulating IC may cause localised type III hyper- 
sensitivity reactions in the lungs and so produce 
secondary lung damage in CF.® 7 19 

To investigate this hypothesis of lung damage 
mediated by circulating IC we have measured them 
in the sera of 69 CF patients and analysed them for 
the presence of PA antigens using an immune 
complex splitting assay. We then studied the 
relationship between such complexes, lung function, 
and chronic PA colonisation by analysis of variance 
to examine whether the association of circulating 
IC with poor lung function is causative. 


Patients and methods 


Sixty-nine CF children who were bled for a previous 
study and who have been reported? were studied. 
Their ages ranged from 2 to 15 (mean 9) years. Lung 
function data from that earlier study included forced 
expiratory flow at 25% vital capacity (FEF*), 


measured from a maximal expiratory flow volume 
curve, and residual volume to total lung capacity 
ratio (RV/TLC), measured by whole body plethy- 
smography. These were the most sensitive measures 
of airflow obstruction and hyperinflation in the 
earlier analyses.® 

Cultures of sputum or cough swabs were obtained 
every 2 months from these patients and if three 
consecutive cultures during a period of at least 3 
months were positive for PA, the patient was 
defined as having persistent colonisation with PA. 

Blood samples from these patients were separated 
at room temperature within 2 hours of collection 
and the sera were stored in aliquots at —70°C. 


Immunoglobulin concentrations. Serum concentra- 
tions of IgG, IgA, and IgM were measured by radial 
immunodiffusion™ and results expressed as IU/ml. 


Circulating immune complexes. Two methods were 
used—namely, a radiolabelled **°I-Clq binding 
assay (Clq BAX? and polyethylene glycol (PEG) 
precipitation.* Clq BA measures precipitation of 
1257.Clq by IC in the presence of 3% polyethylene 
glycol and detects IgM IC and certain subclasses 
of IgG in IC. Results were expressed as a percentage 
of the radioactive counts precipitable by 10% 
trichloroacetic acid. . 

IgG and IgM IC were also measured independently 
in the PEG precipitation assay.1* Serum samples 
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(250 pl) were mixed with 50 pl 12% PEG in EDTA 
buffer pH 7-4 and, after overnight incubation at 4°C, 
precipitated IC were assayed for immunoglobulin 
content in high sensitivity agar diffusion plates. 
Each result was expressed as a percentage of the 
immunoglobulin concentration in the original 
serum. 


Immune complex dissociation assay. A modification 
of the complex splitting assay described by Paganelli 
et al% was used. The IgG fraction of a high titre 
rabbit antiserum to PA strains ‘PAO’ was prepared 
by absorption with sepharose-staphylococcal protein 
A (Sigma Chemical Co., St Louis, USA) and after 
one wash in Tris-HCI buffer (pH 7-6) the IgG was 
dissociated from the sepharose by 0-2 miol/I glycine- 
HCl buffer (pH 2-6). The resulting preparation was 
neutralised with solid Tris and then tested by 
immunoelectrophoresis against PAO cell wall 
extract, Aspergillus fumigatus serodiagnostic antigen 
(Bencard Allergy Service, Brentford, Middlesex), 
and normal human serum. It reacted only with the 
PAO extract. Positive control PA antigen containing 
IC in 2- and 4-fold antigen excess were prepared 
after appropriate titration of the IgG preparation 
(1 to 10yug/ml) wtih PAO antigen (163 mg/ml) 
using 1I labelled PAO as a tracer. !4  ' 

IC were obtained from test and control sera by 
precipitation in 2% PEG (as before) and the IC 
from 100 pl serum were resuspended in the same 
volume of 0-2 mol/l glycine-HCI buffer (pH 2-6). 
This solution (50 ul) was incubated in each of two 
polystyrene autoanalyser cups for 18 hours at 22°C. 


The cups were then washed 5 times with PBS 


containing 0-1% human albumin and then IgG 
anti-PA antibody radiolabelled with 5 was added 
and incubated for 18 hours at 4°C. After four 
further washes with the PBS-albumin buffer, the 
autoanalyser cups were counted for one minute and 
counts per minute corrected for background were 
calculated. Preformed PA antigen containing IC 
were suspended in 50% normal human serum and 
used as positive controls; sera from 9 children with 
no history of PA infection who had been investigated 
for coeliac disease were the negative controls. 


Statistical methods. Results were analysed using the 
statistical package for the social sciences! at 
University of London Computer Centre by Student’s 
t test, Pearson’s least squares regressions (r), and 
analysis of variance by the multiple regression 
method. 


Results 


Pseudomonas antigens in complexes. More complexed 
PA antigen was detected in the sera of the 69 CF 
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Figure Levels of complexed P. aeruginosa antigen in 
23 CF children with chronic P. aeruginosa colonisation 
of the lungs (CF+-PA), 46 CF children without such 
colonisation (CF—PA), and in 9 age-matched controls. 
CF children with acute exacerbations of pulmonary 
infection ( @) had significantly higher levels than patients 
who were well ( O); (f=2-5/], P<0-02). 


patients than in the 9 patients investigated for coeliac 
disease (Figure) (¢=4-16, P<0-001). Sixteen CF 
patients had levels greater than 2 SDs above the 
mean of the controls but the amount of complexed 
antigen did not differ significantly between the CF 
patients chronically colonised with PA and those 
who were not (t=1-62, P>0-05), although it was 
significantly higher in patients with acute exacerba- 
tions of pulmonary infection than in those who were 
well when studied (t=2-51, P<0-02). 


Circulating immune complexes. The mean value of 
Clq BA in the 69 CF patients was 4-7% which is 
above our normal upper limit!® (Table 1) and 36 
patients had Clq BA values outside this range. 
Clq BA was significantly increased in patients 
chronically colonised with PA (Table 2). No CF 
patient exceeded the normal range for IgG IC by 
PEG precipitation; however 2 patients had increased 
IgM IC (greater than 12-8% of serum IgM). It 
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Table 1 Immune complex levels in 69 patients with 
cystic fibrosis compared with controls 





Cystic fibrosis 
patients Controls 
Clq binding assay (%), mean (SE) 4-7 (0-2) 2.1 (0-2) 
Range 2°4-11-8 <4-0* 
IgG immune complexes (9%), mean (SE) 1-3 (0-1) 2:3 (0-1) 
Range 0-0-2-8 1-0-3-5 
IgM immune complexes (%}, mean (SE) 5-9 (@-3) 5:7 (0-4) 
Range [-6-17-8 0-0-12-8 





* Determined as the upper limit of normal for our laboratory,!6 
measured in 84 uninfected children admitted for cardiac surgery. 
Clq binding assay expressed as percentage of radioactive counts 
precipitated by 10% trichloroacetic acid. IgM and IgG immune 
complexes expressed as percentage of the immunoglobulin concentra- 
tion in original serum. i 


Table 2 Immune complexes, immunoglobulin concentra- 
tions, and lung function in 25 CF patients chronically 
colonised with P. aeruginosa and in 44 CF patients 
without such infection 


Cystic fibrosis patients 
Colonised with Free of 


P. aeruginosa P, aeruginosa 
colonisation 


Clq binding assay (%) mean (SD) 5-62 (2-20)*** 4-11 (0-96) 
IgG immune complexes (9%) 

mean (SD) 1-42 (0-60) 1-21 (0-46) 
IgM immune complexes (7%) 

mean (SD) 6-74 (3-25) $-36 (1-75) 
IgG (U/ml) mean (SD) 204 (60)*** 139 (52) 
IgA (U/ml) mean (SD) 141 (64)** 95 (67) 
IgM AU/ml) mean (SD) 170 (93)** 116 (42) 
FEF25 (% predicted) mean (SD) 25 (9)*** 67 (27) 
RV/TLC (%) mean (SD) 55 (13)*** 37 (9) 


weep 9-005, **P< 0-01. 

Cia binding assay, IgG immune complexes, IgM immune complexes 
results expressed as in Table 1. 

Serum IgG, IgA, IgM concentrations expressed as IU/ml. 

FEF25 forced expiratory flow at 25% of vital capacity, RV/TLC= 
ratio of residual lung volume to total lung capacity. 


appeared, therefore, that Clq BA was more sensitive 
to the abnormalities in these patients than the PEG 
precipitation method. 


Immunoglobulin levels. The mean level of serum 
IgG was 163 IU/ml (SE 7-6) and the mean serum 
IgM 136 IU/ml (SE 8-4); both exceeded the means 
of age-matched British schoolchildren.1? Seven CF 
children had reduced serum IgA concentrations for 
age and 2 had levels that were hardly detectable. 
Many patients had hypergammaglobulinaemia as 
described in our earlier study!® and all measured 
classes of immunoglobulin were significantly in- 
creased in CF children with chronic PA colonisation 
(Table 2). 


Lung function. The mean FEF” in the 54 of 69 CF 
children for whom data were available was 49% of 
that predicted for height, and the mean RV/TLC 
in 49 cases was 45%. There was a pronounced 
difference in both values according to whether or 
not the patients were chronically colonised with PA 
(Table 2). 


Correlation analysis. Many of the observations were 
significantly intercorrelated (Table 3). As previously 
reported? 1° there was a significant negative correla- 
tion between immunoglobulin levels and Cla BA 
and lung function. This was also observed for IgM 
IC but not for IgG IC or PA antigen containing IC. 
However, with such multiple intercorrelation it was 
possible that there was a single causative factor 
with many secondary effects and it seemed likely 
that PA colonisation was the primary abnormality. 
We therefore reanalysed the data by analysis of 
variance so that FEF” and RV/TLC were adjusted 
for the influence of chronic PA colonisation. When 
this was done there was no residual negative correla- 
tion between Clq BA, IgG, and IgM, and lung 


Table 3 Correlation coefficients (r) in 69 children with cystic fibrosis 





Ciq IgG IgM 
binding immune immune 
assay complexes complexes 
IgC immune complexes 0-36*** 
(69) 
IgM immune complexes 0-28** 0. 56*** 
(69) (69) 
IgG 0-45*** O-LINS -0-04NS 
(69) (69) (69) 
IgA 0-12NS 0-05NS 0-03NS 
(69) (69) {69) 
IgM 0 -32** 0-15NS 0-04NS 
(69) (69) (69) 
FEF25 —0-31* O-17NS —0-12NS 
(54) (54) (54) 
RV/TLC 0-32* 0-21NS 0-29* 
(49) (49) (49) 





The number of valid cases for each correlation is shown in brackets. 
eeap<0-005, **P<0-01, *P<0-05,° 


IgG IgA IgM FEF?25 RVITLC 
Q.53%42 
(69) 
0-594 00-3994 
(69) (69) 
—0-50*** Q-37** —0-29* 
(54) (54) (54) 
0-31* 0-34** 0-26* wna) 594+ 
(49) (49) (49) (47) 
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Table 4 Variance ratios (F) in analysis of variance on lung function in cystic fibrosis 


Dependent No of Pseudomonas Cig binding 
variables cases colonisation assay 
FEF25 44 31-4%** 0-2 
RV/TLC 59 16-9*** 0-8 
*#*#P<0-001, *P<0-05, 


NI =not included, as not significant in earlier study.’ 


function (Table 4) although IgA still correlated 
inversely with RV/TLC (but less so than before). 


Discussion 


Abnormal levels of circulating IC have been reported 
before in patients with CF°-! and it has been 
proposed that secondary lung damage may be the 
result of localised immune complex deposition.® ? 1° 
IC have also been demonstrated in the sputum of 
CF patients!® and there is a single report of granular 
deposition of immunoglobulins and complement 
components in the trachea and lungs of a CF 
patient.” 

Pulmonary colonisation with PA is highly 
prevalent in CF so it was possible that the IC 
contained PA antigens; indeed haemagglutinating 
antibodies to PA lipopolysaccharide have been 
demonstrated in such IC. We have demonstrated 
the presence of PA antigens within the IC isolated 
from CF sera by PEG precipitation but there was 
no significant correlation between these PA antigens 
containing IC and either poor lung function or 
overt PA lung colonisation, whereas PA IC were 
significantly increased in patients with acute exacerba- 
tions of pulmonary infection. It was surprising 
that levels of PA containing IC were not significantly 
increased in patients chronically colonised with PA. 
This may reflect either under-diagnosis of PA by 
standard microbiological methods and our definition 
of ‘chronic colonisation’ or intermittent PA infec- 
tion, perhaps in other sites such as paranasal sinuses. 
The first of these possibilities is supported by the 
observation that the 2 patients with the highest 
levels of PA antigen containing IC in the uncolonised 
group became persistently colonised soon after- 
wards. None the less, we have established that the 
circulating IC in CF may contain PA antigens and 
that persistent antigenaemia can occur in patients 
with negative sputum cultures. 

These results of IC investigations in CF are 
compatible with those of earlier studies.°-!? Our 
further analysis suggests however, that although 
circulating IC and impaired pulmonary function are 
correlated in CF, this correlation is not significant 
when the effect of PA is allowed for by analysis of 
variance. The relationship of lung disease to 


IgG IgA IgM Age 
2-7 0.5 0-5 3°8 
0-4 4.6* 0-16 NI 


hypergammaglobulinanaemia was similar to that 
with circulating IC and, therefore, no independent 
direct relationship was established between either of 
these immunological phenomena -and pulmonary 
disease. Conversely, we were unable to confirm the 
reported association of good lung function and 
subnormal immunoglobulin concentrations? when 
the effect of infection was taken into account. 

PA colonisation is the main factor associated with 
poor Jung function.2* Such pulmonary damage 
could be the effect of exotoxins, proteases, or any 
of the immunological mediators of inflammation.”* 
It is also possible that pulmonary damage could 
result from in situ formation of IC, but our data 
suggest that circulating IC are not important. 
However, serum levels of IC in our CF children 
seemed to be lower than those seen in series which 
included adults® § 8-10 for whom the situation may 
be different. There was a significant correlation of 
serum IgA with RV/TLC even when the latter was 
adjusted for the influence of PA; we interpret this 
as the effect of other infections. The findings of this 
study therefore strengthen the view that PA colonisa- 
tion is of critical importance in CF.? 3 


We thank Dr Ty Pitt of the Central Public Health 
Laboratory, London, for the PA antigen and 
antiserum. 
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SUMMARY The clinical significance of the high prevalence of positive immediate skin tests in 
cystic fibrosis is unclear. Using analysis of variance, we have tested the hypothesis that patients with 
allergic cystic fibrosis have worse lung disease than non-allergic patients. Clinical data, skin prick 
tests, total or specific IgE antibody levels, chest radiographs, and pulmonary function tests were 
obtained in 104 cystic fibrosis patients. Patients with positive immediate skin reactions to at least 
one allergen were more likely to be persistently colonised by Pseudomonas aeruginosa than skin test 
negative patients. The skin test positive patients were also significantly older (mean difference 
2:15 years). Analysis of variance showed that pseudomonas infection was the most significant factor 
contributing to lung damage and the effect of allergy was not significant. Similar longitudinal 
analysis of pulmonary function over 5 years and study of the hospital admission rate showed that the 
only statistically significant factor associated with deterioration was colonisation with P. aeruginosa. 


A high prevalence of positive skin prick test reactions 
to common allergens, and particularly to Aspergillus 
fumigatus, has been reported in patients with cystic 
fibrosis (CF).1 The clinical significance of these 
observations is unclear but as some studies reported 
an association between lung disease and such positive 
skin reactions®~4 it was attractive to propose that 
they are associated with damaging allergic reactions 
in the lungs caused by type 1 reactions to inhaled 
allergens. Because the pulmonary symptoms of 
atopic allergy may respond to treatments such as 
inhaled sodium cromoglycate, steroid therapy, or 
hyposensitisation, it was important to investigate 
this relationship more closely. We have therefore 
tested the hypothesis that allergic CF patients have 
worse lung disease than non-allergic patients using 
several different criteria to diagnose allergy and 
analysis of variance to study the relevance of 
selected factors on cross-sectional data from 104 CF 
children and longitudinal data from 54 of them. 


Subjects and methods 
Subjects. 


Cross-sectional study 

We studied 101 of 119 regular attenders aged at 
least 2 years at the CF clinic of The Hospital for 
Sick Children, Great Ormond Street, plus 3 further 
patients from an associated clinic. Informed consent 
by parents was obtained in each case. There were 
104 patients in total (65 boys and 39 girls). 


Longitudinal study 

Data on 52 of the 104 patients were available from a 
cross-sectional study performed 5 years before.” 
The chest radiographs were rescored (see below) 
and the other data, if available, were also used. 


Methods 


symptoms of allergy and frequency of respiratory 
infection were recorded by interviewing the parents 
using a standard questionnaire and by referring to 
the case records. Our patients attend about every 
2 months for review, and sputum or a cough swab 
is always cultured. The patient was defined as having 
chronic pulmonary colonisation with Pseudomonas 
aeruginosa (PA) or Staphylococcus aureus (SA) if 
there had been three consecutive isolations separated 
by intervals of at least one month, Each patient had 
anterior-posterior and lateral chest radiographs 
which were scored by the Chrispin and Norman 
method® by two observers acting jointly (I G and 
D J M). Fourteen prick tests were done on the skin 
of the flexor aspect of the forearms; the allergens 
were house-dust Dermatophagoides pteronyssinus, 
mixed feathers, dog hair, cat fur, Timothy grass 
pollen, rye grass pollen, whole cows’ milk, whole 
egg, Aspergillus fumigatus, Aspergillus niger, Clado- 
sporium herbarum, and Alternaria alternata (Bencard 
Allergy Service, Brentford, Middlesex, England). 
A formalin-saline control was always negative. The 
skin tests were measured after 15 minutes and they 
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were considered positive if the weal exceeded 2 mm 
in diameter. If the patient was old enough to co- 
operate, peak flow rate (PEF) was measured by 
Wright’s peak flow meter; vital capacity (VC), 
and forced expiratory flow at 25% vital capacity 
(FEF**) were measured from a maximal expiratory 
flow volume curve, and thoracic gas volume (TGV) 
and residual volume to total lung capacity (RV/TLC) 
ratio by whole body plethysmography. All pul- 
monary function results (apart from RV/TLC ratio) 
were expressed as a percentage of the predicted 
normal value for height.* Blood was taken if possible 
and serum was separated within 2 hours at room 
temperature and then stored in aliquots at —70°C. 
Total IgE was measured by a double antibody 
method’ in 54 patients and IgE antibodies to D. 
pteronyssinus, Timothy grass pollen, and A. fumigatus 
in 73 patients using allergen-coated paper discs in a 
conventional radioallergosorbent test.2 A positive 
IgE antibody test was a ratio of FI counts bound 
>1-6 compared with those bound with cord serum. 
The statistical package for the social sciences of 
Northwestern University? at the University of 
London Computer Centre was used to analyse the 
data. Multiway analysis of variance by the multiple 
regression approach was used to examine the 
contribution of metric and non-metric independent 
variables to variation in lung function.*® Insignificant 
covariates, interactions, and factors were removed 
singly and the analysis was repeated until a ‘parsi- 
monious model’ that included only statistically 
significant factors and covariates was produced. 


Results 


Cross-sectional analysis. Positive immediate skin 
reactions to at least one allergen were found in 58 
(56%) patients and these children had significantly 
worse lung function, higher chest radiograph scores, 
and greater number of hospital admissions (Table 
1). However, they were also older than the skin test 
negative patients (Table 1) and were more likely to 
have chronic PA colonisation of the lungs (Table 1). 
There was no such association with chronic SA 
colonisation. 

The relative frequencies of positive reactions to 
various antigens (Table 2) were similar to those 
reported before* and the most prevalent reaction 
was to A. fumigatus which was positive in 35% of 
the CF children. Patients with chronic PA colonisa- 
tion reacted more often to all antigens and signific- 
antly so for A. fumigatus, rye grass pollen, and dog 


- hair. To examine whether this association was due 


to age, the prevalences of chronic PA colonisation, 
and those of the positive skin reactions most closely 
associated with such colonisation, were plotted 
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Table 1 Lung function, chest radiograph score, hospital 
admission rate, pseudomonas colonisation, and age in 
104 children with cystic fibrosis according to skin test 
results o 


Skin test P value 
Negative Positive to 
any antigen 
(n=46) (1=58) 
FEF25 (% predicted) 
(mean +SEE) 65 4-2 4444 <0-0If 
RV/TLC (%) 
(mean +SB) 40-42 47-42 <0-05F 
Chest radiograph score 
(mean +SEE) 6:0+0-6 10-040-6 <0-000If 
Median 5.4 9.6 
Admissions per year 
{mean-+SE) 9-1740-08 0-9140-22 <0-02ċł 
Median 0-08 0-23 


Chronic PA colonisation 
(a) 17 48 <0-005§ 
Age (years) (mean SE) 8-2510-62 10-440-47 <0-01t 


t By Student’s ¢ test, jt by Mann-Whitney U test, § by x? test. 


Table 2 Frequency (%) of positive skin tests in 104 
patients with cystic fibrosis 


All cases Pseudomonas P yaluet 
Negative Positive 
cases casest 
A, fumigatus 35 25 53 <0-01 
Rye grass pollen 30 22 44 <0-05 
Timothy grass 
pollen 26 21 36 NS 
House dust ; 
extract 24 21 31 NS 
D. pteronyssinus 16 12 25 NS 
Cat fur 15 12 22 NS 
A, alternata 15 12 22 NS 
Whole milk 14 10 19 NS 
A. niger 11 T 17 NS 
C, herbarum 9 7 11 NS 
Feathers 8 4 14 NS 
Dog hair 8 3 17 <0-05 
Whole egg 8 7 8 NS 





t Pseudomonas was grown consistently from the sputum of 35% 
(n = 36) of patients. f By x2 on absolute numbers. 


A 


against age (Figure). The results showed that 
chronic PA infection and positive skin tests were 
closely associated independently of age and a biphasic 
distribution was noted with the first peak in the 
age group 8 to 10 years (but no patient ever lost 
chronic PA colonisation). PA colonised patients also 
had significantly worse lung function than CF 
patients without such infection (Table 3). We 
therefore undertook analysis of variance of factors 
which were possibly relevant to lung disease in CF: 
positive skin prick test reactions, chronic SA 
colonisation, and chronic PA colonisation. Covari- 
ates used were age and duration of respiratory 
symptoms. The contribution of these variables to 
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Figure Prevalences of pseudomonas colonisation (solid 
line) and positive skin reactions (broken lines) by age in 
104 patients with cystic fibrosis, 

A Aspergillus fumigatus, O rye grass pollen; @ Timothy 
grass pollen, W dog hair. 


poor lung function was analysed by a process of 
stepwise elimination. Because it has been proposed 
that allergy to A. fumigatus is the most significant 
correlate of poor lung function® the skin test results 
were entered as four groups: (1) patients sensitive 
to one of the 4 moulds used, (2) patients sensitive to 
one of the other allergens, (3) patients sensitive 
to one of the moulds and one of the other allergens, 
(4) patients who were sensitive to none of the 


Table 3 Lung function, chest radiograph score, and 
hospital admission rate in 36 CF patients chronically 
colonised with P. aeruginosa (CF+ PA) and 68 CF 
patients without such infection (CF— PA) 





CF—-PA CF+PA P yalue 
VCE (% predicted) , 
(mean SE) 8542 6843 <0-001+ 
TGV (% predicted) 
(mean+SE) 12843 1544-7 <0-005+ 
PEF (% predicted) 
(mean +SE) 9742 794:4 <0-091F} 
FEF?5 (% predicted) 
(mean +SEE) 68+5 32-4 <0-00IT 
RV/TLC (%) 
(mean +SE) 394-2 534-2 <0-O001T 
Chest radiograph score 
(mean-+SE) 6-340-4 12-1409  <0-0001f 
Median ° 6:1 {1-3 
Hospital admissions a year 
(mean +SE) 0-0640-03 1-57+0-31 <G-O01f 
Median 0-03 0-81 





t By Student’s t test, t by Mann-Whitney U test. 


allergens. The analysis showed that the factor most 
significantly associated with severity of lung disease 
was chronic PA colonisation (Table 4). Positive 
skin test reactions were only weakly (and insig- 
nificantly) associated with poor lung function in 
this analysis. SA colonisation was also insignificant 
and the only two significant parameters apart from 
chronic PA colonisation were age (covariate with 
FEF”, P<0-001) and duration of respiratory 
symptoms (covariate with PEF, P<0-05). Hospital 
admission rate and chest radiograph score were not 
analysed in this way because they are not normally 
distributed parametric variables. A similar analysis 
of variance was performed with other factors that 
might relate to lung function—namely IgE concen- 
tration, positive IgE antibodies (radioallergosorbent 
test), and history of asthma or hay fever (23 patients) 
—while controlling for chronic PA colonisation 
and the significant covariates already described. 
None of these factors was significantly correlated 
with poor lung function (Table 4). 


Table 4 Associations (variance ratios— F) of selected independent variables on lung function in analysis of variancet 





Independent variables 





Pseudomonas Staphylococcal Age Duration of 
colonisation colonisation respiratory 
symptoms 
FEF25 29.3444 1-54 7.22** 0-77 
RV/TLC 22. 9** 0-19 0-02 0-61 
TGV 13.Q*** — 2:53 1-88 0-20 
VC 19.3%** 0-63 1-74 1-19 
PEF Li «ge? 1-00 0-01 5-03" 
*eep<0-001, **P<0-01, *P<0-05. 


Skin test Log 10 Positive Respiratory 
positivity RE RAST allergic disease 
1:34 0-11 0-63 1-03 

0-52 0-82 2:21 0-05 

1-92 0.39 3-67 0-17 

0-80 0-00 0-46 0-59 

9:37 0-45 0-16 0-64 


t Values for PA and SA colonisation, age, duration of respiratory symptoms, and skin tests were obtained during analysis of variance and 
sequential elimination. Those for FEF25 and PEF are corrected for significant independent variables. Values for serum IgE (logged to normalise) 
positive RAST and allergic disease are those’ calculated when these variables were added to the significant parsimonious effects model (see text). 


RAST = radioallergosorbent test.  ** ‘ ake A 
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Table 5 Variance ratios (F) in analysis of variance on changes in severity in patients with cystic fibrosis during 5 yearst 





Independent variables 





Dependent yariables Change in pseudomonas Change in staphylococcal Change in skin test Age 
colonisation colonisation reactivity 

Change in chest radiograph score 5-55** 0-38 1-61 0-49 

Change in hospital admission rate 7-20** 0:37 1-38 1-01 

Change in VC 3-66** 0-36 i-li 0-39 

Change in PEF 3-28** 0-07 0.56 1-09 

**P<0-01. 


t For significant independent variables final F values are shown. Other F values are those during sequential removal in stepwise analysis. 


Longitudinal analysis. The changes in chest radio- 
graph score, hospital admission rate, PEF, and VC 
over 5 years in the 54 CF children followed up were 
significantly related to PA colonisation but not to 
SA colonisation, acquisition of positive skin tests, or 
age when PA colonisation was controlled for in 
analysis of variance (Table 5). Data on changes in 
TGV, RV/TLC, or FEF* were too few for analysis. 


Discussion 


These results show that, of the factors examined, 
chronic PA colonisation was most closely associated 
with pulmonary disease in CF. Although positive 
skin test reactions were significantly associated with 
lung disease, this association became insignificant 
when the data were adjusted for the effect of PA. 
This suggested that the apparent effect of skin test 
reactions in the raw data and in other studies?-4 
resulted from their significant association with 
chronic PA infection. The prevalence of 35% for 
chronic PA colonisation is lower than that in some 
other centres! and allowed the effect of PA to be 
determined in analysis of variance. We have no 
explanation for this low prevalence although our 
avoidance of prolonged anti-staphylococcal treat- 
ment may be relevant. 

The analysis of cross-sectional and longitudinal 
data strengthens the view that the association of 
chronic PA colonisation with poor lung function is 
probably causative. PA is a well recognised pathogen 
which could cause lung damage by proteases, 
exotoxins, or other mediators of inflammation.” 
It is also possible that the ability of PA to evoke an 
IgE response in CF!* could be important. 

There are several possible mechanisms for the role 
of PA colonisation in the development of pulmonary 
sensitisation to inhaled antigens. Firstly, entry of 
antigens through damaged bronchial epithelium 
could be increased, with resulting greater exposure 
of the immune system to the antigen. Secondly, 
increased gas trapping, thicker secretions, and slower 
mucociliary clearance might prolong retention of 
antigens. Thirdly, the viscid alginate produced by 


the mucoid strains of PA found in CF" might trap 
antigens in the airways and alveoli. Finally, PA 
may have an adjuvant effect with inhaled antigens. 

The analysis of serum IgE and IgE antibody tests 
confirmed the lack of significant association between 
allergy and lung disease. There have also been 
reports of milder pulmonary disease in CF patients 
with asthma or hay fever based on analysis of 
clinical scores ;* our data do not confirm this either. 

The 35 % frequency of response to A. fumigatus by 
skin testing was similar to that in our earlier study,” 
in other CF centres in Britain and the USA, 34 
and in a population of British asthmatic school- 
children tested with a mould extract,’ whereas 
none of 5] age-matched controls reacted in the last 
mentioned study. The responses to the other antigen 
were similar in frequency to those seen in a popula- 
tion sample of children.1® The high prevalence of 
sensitisation to A. fumigatus in CF patients is un- 
explained. Although allergic bronchopulmonary 
aspergillosis has been described in a significant 
proportion of patients from one centre,* none of our 
series fulfilled the accepted criteria’ This dis- 
crepancy may be the effect of differences in climate 
and housing; nevertheless, allergic broncnopul- 
monary aspergillosis does not account for the high 
prevalence of A. fumigatus sensitisation in the 
patients we studied. Another possible explanation 
would be cross-reactivity with PA, but there was 
no evidence of this in a study of CF antibody to 
A. fumigatus using a sensitive primary binding assay.18 
The possibility of selective filtration by the lungs 
according to particle size has been considered?® but 
this hypothesis is not resolved by our data as 
Alternaria sp. and Cladosporium sp. have large 
spores which should be trapped in the nose and 
main bronchi. It would be interesting to find out if 
patients with CF have a high prevalence of skin 
reactions to other moulds which have the same 
spore size as A. fumigatus and which are equally 
ubiquitous. 

The prevalence of PA colonisation could be placed 
in the age groups 10 to 12 years and 12 to 14 vears 
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that early acquisition of PA is associated with early 
death; this is the subject of other studies in progress. 

We conclude that pseudomonas infection, rather 
than allergy, is the major determinant of severity of 
pulmonary disease in CF. While acknowledging the 
difficulty of eliminating this infection, it is hoped 
that improved therapeutic methods—for example 
by blocking alginate synthesis by mucoid strains— 
will lead to an improved prognosis. It seems prob- 
able that, unless patients have coexistent asthma, 
treatments such as hyposensitisation, inhaled 
steroids, or inhaled cromoglycate will have no 
major benefit. 
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Public Health Reference Laboratory, Colindale, and 
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Cystic fibrosis: physical exercise versus chest 


physiotherapy 


M ZACH, B OBERWALDNER, AND F HAUSLER 


University Children’s Hospital, Graz, and Paediatric Department, Stolzalpe, Austria 


SUMMARY ‘Twelve children with cystic fibrosis were admitted to a paediatric rehabilitation hospital 
for 17 days to take part in a training programme of vigorous physical excercise and sport. The daily 
inhalation-physiotherapy routine was stopped. Ventilatory status was assessed by spirometry and 
measurement of lung volumes one day before admission, one day after the end of the hospital stay, 
and 8 weeks later. Flow measurements of forced expiration had improved appreciably by the end of 
the course, but most of them returned to pretraining levels 8 weeks later. Lung volumes did not 
change significantly. Daily recordings of peak flow indicated improvement of airways function plus 
some ventilatory muscle training. Regular physical exercise could replace the inhalation-physio- 
therapy routine in some children with cystic fibrosis. 


Aerosol inhalation followed by chest physiotherapy 
is an essential part of the life-long therapeutic 
routine in cystic fibrosis (CF). Patient compliance 
however, is often poor, especially in older children. 
The efficacy of these procedures to mobilise and 
remove secretions seems to decrease with age. A more 
effective and popular alternative is needed. 
Swimming in conjunction with the inhalation- 
physiotherapy routine has, been shown to increase 
sputum production and to improve ventilatory func- 
tion.1 This stimulated us to study the changes in 
pulmonary function after inhalation and chest 
physiotherapy had been replaced by a short pro- 
gramme of intense physical exercise and sport. 


Patients and methods 


Six boys and 6 girls, with a median age of 104 years 
(range 2 4/12 to 16 3/12) and a median clinical 
Shwachman score? of 69 (range 37 to 86) were sent 
to a paediatric rehabilitation hospital situated in a 
mountainous area in upper Styria (altitude 1180 m 
above sea level). They were chosen from children 
attending the CF clinic at the University Children’s 
Hospital, Graz, on the-basis of repeatedly positive 
sweat tests,* a stable clinical condition, and willing- 
ness to participate. 

The routine therapeutic regimen of these children 
had included pancreatic enzyme replacement and 
appropriate diet. Chest physiotherapy administered 
by either a parent or the patient had followed aerosol 
inhalation twice daily. In addition 5 children were 


on oral antibiotics. None used bronchodilators. 
Five children had taken part in a previous study. 
Two months before admission parents and children 
were instructed to keep strictly to the inhalation- 
physiotherapy routine. 

In order to reduce any seasonal or occupational 
influences on clinical condition or pulmonary 
function, the study was conducted in the summer 
holidays. The hospital stay lasted 17 days and during 
this time aerosol inhalation and chest physiotherapy 
were stopped. The rest of the therapeutic routine 
was maintained. AIl children participated in an 
intensive programme of physical exercise and sport 
led by a chest physiotherapist (B O), experienced in 
CF care and familiar with the patients. Activities 
included one hour of swimming and diving twice a 
day. As the teaching pool was some 24 km from the 
paediatric department, the children jogged from one 
to the other. The children hiked for several hours 
through the surrounding forests and mountains, 
collecting firewood, bérries, and mushrooms. In 
addition. all children -took part in gymnastics, 
skipping, and according to their inclination, in 
minigolf, soccer, and table tennis. The remaining 
time was occupied by group games, camp-fire 
activities with barbecue meals, singing, chatting, and 
storytelling. 

After the end of the course the children returned 
to their homes and resumed their pre-course 
inhalation-physiotherapy routine. 

Ventilatory status was assessed one day before 
admission (A), one day after the end of the hospital 
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stay (B), and 8 weeks later (C). Peak expiratory flow 
rate (PEFR) was measured with a Wright peak 
flowmeter. Forced vital capacity (FVC), forced 
expiratory volume in one second (FEV,), and mean 
forced expiratory flow during the middle half of the 
FYC (FEF,;_.;) were measured using a water-filled 
spirometer (Jaeger Spiro-Junior) in accordance with 
standard guidelines.* Functional residual capacity 
(FRC) was measured by a closed-circuit helium 
dilution method (Jaeger FRC test). Residual volume 
(RY) and total lung capacity (TLC) were calculated. 
The children were trained to perform at maximal 
effort as judged by reproducibility. Results were 
expressed as a percentage of the predicted normal 
values.” 

During the entire training course each child’s 
PEFR was measured daily at 1100 hours. The best 
of 3 consecutive measurements was recorded. 

Statistical analysis was performed using Student’s 
f test and analysis of variance of regression. 


Results 


The children swam and dived for 32 hours, hiked 
(160 km in a mountainous area) for 64 hours, and 
did other physical activities for about 32 hours, 
A gradual increase in performance and endurance 
was evident. Four of 6 nonswimmers learned to swim. 

The training programme was adjusted to the 
physical capabilities of the majority. Thus it did not 
always meet satisfactorily each child’s individual 
exercising capacity. Four older children could have 
coped with a more strenuous work load. The two 
youngest took part to a reduced extent, yet one of 
them (a 6-year-old girl, clinical score 37) became 
repeatedly dyspnoeic and cyanotic while un- 
successfully trying to cough up mobilised secretions, 
and she resumed her inhalation-physiotherapy 
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Figure Daily peak flow recordings (n = 10). 


routine from day 4 onwards. She then slowly 
increased her exercise tolerance. One other child 
interrupted her training programme for 5 days 
because of a mild upper respiratory tract infection. 

Pulmonary function data are summarised in the 
Table. Measurements were obtained from only 10 
children. The two youngest patients, including the 
giri who had required chest physiotherapy, did not 
co-operate sufficiently to obtain reproducible results. 
For the whole group FVC, FEV,, FEF,;_.;, and 
PEFR had improved significantly after the course. 
There was no pronounced change in FEV,/FVC. 
Changes, expressed as a percentage of baseline 
values, did not correlate with these baseline values 
expressed as a percentage of the predicted normal. 
FEV, and FEF,,..; decreased again significantly 
from B to C. For FVC this decrease just missed 
significance at the 5% level. Except for PEFR there 
was no pronounced difference between A and C for 
any of these parameters. 

TLC increased moderately from A to B while RV 


Table Pulmonary function tests and statistical comparison (n = 10). 





A A versus B 
FYC 
(% predicted) 88.04147 P<0-05 
Vy 
(% predicted) 70*64+217 P<0-01 
FEV, /EVC 
(%) 67°+3-+11+8 NS 
FEFes5_75 
(% predicted) 41-6431°5 P<0+05 
PEFR 
90-9+16-9 P<0-001 


(% predicted) 
TLC 
; (% predicted) 1052-4 9.5 NS 
RV/TLC 
(%) 


A = assessment 1 day before admission, B 
Results are mean +SD. NS = not significant. 


37:7+12:2 NS 


71641243 NS 


B versus C C ~ C yersus A 
93.84-13.77 NS 88-8+15-7 NS 
79 «2+2267 P<0-01 73-0+23-3 NS 


69-1413-7 NS 


52:94:33.5 P<0-02 45-4431-5, NS 
109-1-+-14+5 NS 104-9+4+21-8 P<0-02 
110-64 8-8 NS 109-4+16°5 NS 
348411-4 NS 38:54 10-9 NS 


=x assessment 1 day after end of hospital stay, C = assessment 8 weeks later. 


FVC = forced vital capacity, FEV, = forced expiratory volume in one second, FEFas5_.75 = forced expiratory flow during the middle half of the 
FVC, PEFR = peak expiratory flow rate, TLC = total lung capacity, RV = residual volume. 
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and RV/TLC showed a simultaneous tendency to 
decrease. These volume changes however, did not 
reach significance. 

Daily measurements of PEFR (Figure) demon- 
strated a steep rise early as well as late in the course. 
Compared with day 1, this improvement of PEFR 
reached significance by day 3. Frequency of cough- 
ing and volume of expectorated sputum, as observed 
by one of us (B O), reached a maximum between 
days 3 and 5, and then decreased gradually to 
become slight towards the end of the course. 


Discussion 


This study demonstrates a beneficial effect of 
physical exercise on the ventilatory status of children 
with CF. A similar pattern of improved pulmonary 
function was recorded after a course of swimming 
lessons,! but the daily inhalation-physiotherapy 
routine had then been maintained. Interrupting this 
routine for the training course did not alter the 
beneficial response. Training-induced improvement 
of ventilatory muscle endurance has been noted 
previously. A similar effect on ventilatory muscles 
might, at least in part, be responsible for the positive 
changes in PEFR. The improvement in the other 
parameters however, can only be attributed to a 
favourable effect of airways function. Furthermore, 
the early steep rise in PEFR in the first 5 days cannot 
be explained by ventilatory muscle training. It might 
have been owing to improved clearance of ob- 
structing secretions and seemed to correlate with 
the maximum degree of coughing and sputum 
production. 

A moderate increase in TLC in the presence of a 
decreasing RV/TLC indicates recruitment of pre- 
viously shut-off areas of ventilation. It correlates 
with the observed increase of FVC. As some areas 
of trapped gas might not have participated in 
helium equilibration TLC and RV were most 
likely underestimated. 

The effort-dependent parameter PEFR did not 
decrease significantly after the end of the course. 
This, as well as the second steep rise in PEFR, may 
be owing to ventilatory muscle training. In contrast 


all other parameters returned to pretraining levels. 
Hence improvement of airways function seems to 
depend on the maintenance of physical activity. The 
value of each activity remains undefined. As shown 
previously, swimming seems to be an essential part 
of the programme.! 

This study shows that regular physical exercise 
and sports may be a substitute for the inhalation- 
physiotherapy routine in some CF children. One 
girl did not tolerate the amount of exercise needed 
to clear her secretions; hence chest physiotherapy 
was resumed. Exercise tolerance is severely limited 
by pulmonary mechanics in some CF patients.’ 
In these advanced stages of the disease any major 
exertion could be more risky than beneficial. This 
points out the limitations of group activities and the 
necessity to adapt any long-term training programme 
to a child’s individual physical capability. 
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Sulphamethoxazole prophylaxis in the 
otitis-prone child 


RICHARD H SCHWARTZ, JOSEPH PUGLISE, AND WILLIAM J RODRIGUEZ 


410 Maple Avenue West, Vienna, Virginia, and the Research Foundation, Microbiology Research, Children’s 
Hospital National Medical Center, Washington, USA 


SUMMARY A bedtime dose of sulphamethoxazole was effective in preventing ear infections in 
otitis-prone young children. Thirty-three such children were studied by means of a random, double- 
blind, placebo-controlled, cross-over protocol. Nine (27%) of 33 children treated with sulpha- 
methoxazole experienced 10 episodes of acute suppurative otitis media or otitis media with effusion 
while 19 (58%) of 33 children given a placebo experienced 27 episodes of acute otitis media or otitis 
media with effusion. No new episode of otitis media was observed in 11 children in whom serial 
urine samples uniformly had a positive response to Micrococcus lutea bioinhibition test, the method 
we chose to monitor compliance. Otitis media with effusion (secretory otitis media) was detected less 
often in the children who were given sulphamethoxazole; this fact suggests that prophylaxis with 


sulphamethoxazole may prevent persistent middle ear effusion in otitis-prone young children. 


A young child who has had at least three episodes 
of otitis media within the previous 12 months has 
been called ‘otitis-prone’.1 Data derived from a 
longitudinal study conducted in a private practice 
in Huntsville, Alabama! and a collaborative study 
from Boston, Massachusetts” show that otitis-prone 
children constitute 20% of the paediatric population 
below age 2 years. Continuous or intermittent 
chemoprophylaxis for the otitis-prone child may 
help to reduce the number of episodes of illness.3-° 
Encouraged by the salutory experience of Perrin 
et al.® we initiated a double-blind placebo-controlled, 
cross-over study to evaluate the effectiveness of a 
single bedtime dose of sulphamethoxazole (SMZ) 
for preventing ear infections in this population. 


Patients, methods, and materials 


In December 1979 and January 1980, after obtaining 
signed informed parental consent, 43 white children 
from middle-class families were enrolled in the 
study. Thirty-three of them completed the study. 

These children were drawn from two suburban 
private paediatric practices. A letter explaining the 
purpose of the study was sent to parents of any 
child who had had multiple episodes of acute otitis 
media. All patients had experienced at least three 
episodes of acute otitis media in the preceding 12- 
month period, and with few exceptions, had had 
recent attacks. Twenty-nine children had experienced 
a total of 62 episodes of acute otitis media in the 


preceding 3-month period, while 4 children had had 
the third episode longer than 3 months before the 
study. The patients were assigned at random to a 
set of coded bottles by a project nurse who did not 
know the child’s history or the condition of the 
middle ear on entry into the study. 

The 19 boys and 14 girls ranged in age between 
4 and 72 (mean 31) months. Only one child was over 
5 years old. For the two groups, otitis media was 
defined by three criteria: (1) bulging of the opacified 
eardrum, (2) impaired eardrum mobility as shown 
by the response to pneumo-massage, and (3) yellow, 
or fiery-red colour of the tympanic membrane. 

A flat tympanogram was obtained for 5 (29%) 
of 17 children who began the study on SMZ and 
for 9 (56%) of 16 children who began with the 
placebo, done by chance and not by design. A 
single bedtime dose of SMZ 25 mg/kg, or a placebo 
identical in appearance with SMZ, was given to each 
child. Both medications were prepared at the 
pharmaceutical company and could be identified 
only by one of 6 coded symbols. Only 2 nurses knew 
the code. After 2 months the alternate suspension, 
either the drug or the placebo, was given to each 
child. Pneumo-otoscopic and tympanometric exami- 
nations were performed on each child at the time of 
admission to the study, at 2 and 4 weeks after 
admission, and then monthly for the remaining 
3 months of the study. Parents were instructed to 
bring in any child who developed signs of an upper 
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respiratory tract infection even if otalgia was not 
present. If any patient developed acute otitis media 
during the study, the experimental medication was 
stopped and he underwent a 10-day course of 
amoxycillin treatment. On the 11th day, the test 
drug or placebo to which the patient had been 
assigned was reinstated and continued as previously 
described. Tympanocentesis was not performed on 
any child. 

Tympanometric recordings were obtained from 
each child at each visit using a Teledyne (model 
TA 1-D) acoustic impedance meter. Only a type B 
pattern (flat tympanogram) was considered to 
support the diagnosis of otitis media with effusion. 
Children with acute otitis media or otitis media with 
effusion (secretory otitis media) had a flat tympano- 
gram. 

Compliance with the study regimen was encouraged 
by asking the parents to affix a printed reminder of 
the protocol to the refrigerator door. In addition, 
mothers were asked to collect a urine specimen in a 
numbered vial on the day of each follow-up visit 
and to place the vial immediately in the freezer 
compartment of the home refrigerator. Urine 
specimens were tested for antibacterial activity 
using a Micrococcus lutea bioinhibition assay using 
the method of Charney et al 1° 


Results 


After random assignment and during the initial 
period of the study, 10 children dropped out, 6 
taking SMZ and 4 the placebo. Six of these 10 
patients failed to return for follow-up visits during 
the first month and were excluded from the study. 
Three children refused to take the bitter tasting 
SMZ and were also excluded. 

A total of 9 (27%) of the 33 SMZ-treated children 
experienced 10 episodes of acute otitis media or 
otitis media with effusion in contrast to 19 (S7-5%) 
of the 33 children in the placebo group who ex- 
perienced 27 episodes of acute otitis media or otitis 
media with effusion. The difference between the 
number of children with acute otitis and otitis 
media with effusion in each treatment group is 
significant (x* = 2-25 P<0-02). Four placebo- 
treated children had two episodes of acute otitis 
media or acute otitis media with effusion and 2 
placebo-treated patients had three episodes. One 
SMZ-treated child had two episodes of acute otitis 
media or acute otitis media with effusion and none 
had three episodes. 

During the initial 2 months of the study, four 
episodes of acute suppurative otitis media or acute 
otitis media with effusion were noted in 17 children 
who received SMZ prophylactically. In contrast, 
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12 episodes of acute otitis media or acute otitis media 
with effusion were detected in 16 children who re- 
ceived the placebo (x* = 2-87 P<0-01). After 
cross-over, 2 months later, five episodes of otitis 
media were noted in the 17 children who received 


tthe placebo (Table 1). 


No significant difference was noted between the 
two treatment groups during the second 2-month 
interval in this study. However, there is a significant 
decrease from twelve episodes of otitis media in the 
16 children who received the placebo during phase 
one, to five episodes after cross-over to SMZ (x* = 
2:5 P<0-02). By comparison, those who received 
SMZ in phase one suffered only four episodes of 
otitis media. After cross-over to placebo, they had 
seven episodes of otitis media. This difference is not 
significant. However, during the entire 4-month 
period, the number of episodes of otitis media in 
patients who started the study on placebo (twelve 
episodes in 16 patients) does differ significantly from 
the number of episodes of otitis media observed in 
the group who started the study on SMZ prophy- 
laxis (7 episodes in 17 patients) x* = 1-98 P<0-05. 

Regardless of the type of treatment, 11 (33%) of 
33 children in the study had no episode of otitis 
media during the 4-month study period; however, 
3 of. these 11 otitis-free children developed otitis 
media during an 8-week observation period im- 
mediately after the study ended. 

Table 2 shows the frequency and clinical course 
of persistent otitis media with effusion,* documented 
by tympanogram, and the episodes of otitis media 
which developed subsequently. During the first 2 
weeks of the study, none of 5 SM7Z-treated children 
who entered the study with a flat tympanogram devel- 
oped symptoms of pain or a bulging eardrum. 
Moreover, 4 children who were given SMZ had a 
flat tympanogram de novo, while 13 of the 33 in the 
placebo group had such a tympanogram (P<0-05). 


*Previously known as middle ear effusion or secretory 
effusion. 


Table 1 Children with at least one episode of otitis 
media during treatment with sulphamethoxazole 
compared with placebo i 








Period Sulphamethoxazole Piacebo 
No of No of No of No of 
children episodes children episodes 
December— 
February 17 43 16 128, c, d 
February—April 16 5b, e 17 7b, d 
Total 33 9At 33 ISA AT 





A 10 episodes, A A 27 episodes. 
t x*=2-55 P=<0-02, ? x*=2-8+ P=<0-01, © NS, è x*=2-5 
P= <0-02, 4 x* = 1-98 P= <0-05, 
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Table 2 Otitis media with effusion 


Tympanometry Treatment at time of diagnosis 
Sulphamethoxazole* Placebo* 


Flat tympanogram 
at the beginning 


of the study (OMEB= 14) 5 (0) 9 (4) 
Fiat tympanogram 

detected de novo 

during the course 

of the study (OME=17) 4 (1) 13 (9) 





Patients who subsequently developed otitis media shown in brackets. 
*Flat tympanogram and physical examination compatible with otitis 
media with effusion. 

OME =otitis media with effusion. 


By means of comparison, 9 of the placebo group 
had a flat tympanogram on entry and in 4 cases the 
child soon began to complain of earache and the 
tympanogram was bulging. 

We studied the relationship between the presence 
of bioinhibitory activity in urine and episodes of 
otitis media. No episode of otitis media was observed 
in 11 children in whom the urine sample uniformly 
had antimicrobial activity, and two episodes of 
otitis media were noted in 9 children in whom the 
urine specimens indicated an acceptable degree of 
compliance with the study regimen. Of the 13 
patients who submitted at least 2 urine specimens 
lacking in bioinhibitory activity (fair compliance), 
or who did not submit any urine specimens, eight 
episodes of otitis media were detected (Table 3). 
A comparison of children with excellent pharma- 
cological compliance with those in whom we did not 
have objective documentation of such compliance 
(0/11 compared with 10/22) achieves statistical 
significance (P = <0-0001 [y*J). 

The only adverse reaction to the study drug was a 
morbilliform rash, which was probably caused by 
SMZ. During an 8-week observation period after 
the study had ended, during which no chemo- 
prophylaxis was administered, there were 12 episodes 
of acute otitis media in 10 children. Analysis of these 
episodes of otitis media cases was done. Six children 
with eight episodes had just finished the placebo, 
while the other four episodes were noted in 4 
children who had just finished SMZ. Of this group, 


Table 3 Compliance during study 





Compliance No of patients Episodes of 
otitis media 

Complete 1 0+ 

Acceptable 9 2 

Fair i 9 5> + 

Specimens not returned 4 3 


Acceptable compliance=two of three urine specimens positive for 
antibiotic, fair compliance =one urine specimen positive. 
++ P=: <0-Q001 [x2]. 


3 children had no episode of acute otitis media while 
receiving SMZ or placebo. 


Discussion 


In studies lacking statistically acceptable controls, 
Ensign et al.” and Maynard et al.t demonstrated a 
50% reduction in episodes of acute otorrhoea in 
Alaskan eskimo children given either continuous 
daily sulphonamides or ampicillin. In contrast, 
Reed and Dunn,® using a monthly benzathine 
penicillin injection, found no such reduction. 
Investigators from St Jude’s Hospital, in a 2-year, 
random, double-blind, placebo-controlled study, 
evaluated the efficacy of trimethoprimsulphametho- 
xazole (TMP-SMZ,) for the prevention of Pneumo- 
cystic carinii pneumonia in 160 children with cancer. 
In addition to preventing infection of the lung with 
the opportunistic protozoan P. carinii, an unexpected 
but beneficial result of the study was that otitis 
media was detected 50 times in the placebo group 
and only 6 times in the TMP-SMZ treated children.’ 
The results of this study are encouraging; however, 
according to the instructions on the package, TMP- 
SMZ should not be used for prophylaxis of otitis 
media. 

More recently Biedel,® ? a practising paediatrician, 
studied 129 children who had just recovered from 
233 episodes of acute otitis media. Episodic doses of 
prophylactic sulphonamide were used. He instructed 
the parents of each child to notify his office each time 
the child had symptoms typical of a common cold, 
at which time a prescription was telephoned to a 
pharmacy. Either a proprietary decongestant (control 
group), or a sulphonamide drug (30 mg/kg per dose) 
without a decongestant (treatment group), was given 
4 times a day for at least 6 days, or for as long as the 
infection of the upper respiratory tract persisted. 
There were 4 (6%) cases of recurrent otitis for the 
entire treatment group and 15 (20%) cases in the 
control group, a highly significant difference 
(P<0-001). Only ome adverse reaction to the 
sulphonamide, a mild rash, was reported. 

In 1974, Perrin et al.® reported a randomly 
assigned, double-blind, placebo-controlled, cross- 
over study of otitis-prone children. Each child, 
serving as his own control, received 3 months of 
sulphafurazole twice daily and 3 months of placebo 
during a single winter season in Rochester, New 
York. They noted a 72% reduction in episodes of 
acute otitis media. There were 4 cases of otitis 
in 4 children who had received the sulphonamide, 
compared with 28 episodes in 21 children who had 
received the placebo. 

Our study modelled closely to that of Perrin 
and associates, leads us to conclude, as they did, 
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that sulphonamide chemoprophylaxis is effective in 
reducing episodes of acute otitis media in otitis- 
prone young children; however, some differences are 
apparent in the designs of these two studies. 

Because Perrin et al. found no benefits to chemo- 
prophylaxis in 18 children older than 5 years of age, 
we limited our study to children of 72 months or 
younger. Instead of using a twice daily dose of 
sulphafurazole, we chose a single bedtime dose. 
Moreover, in our study, compliance was monitored 
by testing serial urine specimens for bioinhibitory 
activity, while Perrin et al. ascertained the volume of 
sulphonamide suspension periodically. In Perrin’s 
study, neither tympanometry nor pneumo-otoscopy 
was used to diagnose otitis media with effusion. 
Since publication of the earlier study, the importance 
of otitis media with effusion and its diagnosis by 
pneumo-otoscopy or tympanometry has been ap- 
preciated. 

We found that signs and symptoms of otitis media 
were more likely to occur in children with otitis 
media with effusion who changed to the placebo 
during the second 2-month period. It is tempting 
to speculate that the more rapid resolution of 
otitis media with effusion in children receiving the 
study drug made them less likely to have acute 
otitis media. Perhaps sulphonamide reduces the 
frequency and duration of otitis media with effusion 
as well as preventing episodes of acute otitis media. 

We think that chemoprophylaxis for recurrent 
otitis media may act in a similar manner to low- 
dose sulphonamides in preventing recurrent urinary 
tract infection. Sulphonamides are generally active 
against two common bacteria causing otitis media 
and are attractive chemoprophylactic agents because 
they have a low incidence of side effects. 

The cost of 4 months of SMZ, estimated at $20, 
would be more than offset by the monetary saving 
if a single episode of acute otitis media were pre- 
vented. By reducing the frequency of otitis media 
with effusion, some children might also avoid the 
insidious, fluctuating, conductive hearing loss 


caused by middie ear effusion. There are also 
incidental savings in time, transport, and parental 
concern, factors which, although difficult to estimate, 
are none the less important. l 

During the winter, when most episodes of otitis 
media occur, we suggest that low dose sulpha- 
furazole or sulphamethoxazole be given once or 
twice daily in any young child who has had at least 
three episodes of acute otitis media within the last 6 
months and has another infection. 


References 


1 Howie V M, Ploussard J H, Sloyer J. The ‘otitis prone’ 
condition. Am J Dis Child 1975; 129: 676-8. 

Teele D W, Klein J O, Rosner B A. Epidemiology of 
otitis media in children. Ann Otol Rhinol Laryngol 
[Suppi] 1980; 89: Supplement 68, 5-6. 

Ensign P R, Urbanich E M, Moran M. Prophylaxis for 
otitis media in an Indian population. -Am J Publ Health 
1960; 50: 195-9. f 
Maynard J E, Fleshman J K, Tschopp C F. Otitis media 
in Alaskan Eskimo children, JAMA 1972; 219: 597-9. 
Reed D, Dunn W. Epidemiologic studies of otitis media 
among Eskimo children. Public Health Rep 1970; 85: 
699-700. 

Perrin J-M, Charney E, MacWhinney J B, et al. Sul- 
fisoxazole as chemoprophylaxis for recurrent otitis media: 
a double-blind cross-over study in pediatric practice. 
N Engi J Med 1974; 291: 664-7. 

Hughes W T, Kuhn S, Chaudhary S, et al. Successful 
chemoprophylaxis for Pneumocystis carinii pneumo- 
titis. N Engi J Med 1977; 297: 1419-26. 

Biedel C W. Modification of recurrent otitis media by 
short-term sulfonamide therapy. Am J Dis Child 1978; 
132: 681-3. 

Biedel C W. Letter: Sulfonamide and otitis media. Am J 
Dis Child 1979; 133: 1287. 

Charney E, Bynum R, Eldredge D, et al. How well do 
patients take oral penicillin? A collaborative study in 
private practice. Pediatrics 1967; 40: 188-95. 

Howie Y M, Schwartz R H. Acute otitis media: one year 
in pediatric practice. Am J Dis Child 1982; in press. 


w 


$a 


be 


a 


a 


«J 


w 


o 


1 


oS 


1 


m 


Correspondence to Dr R H Schwartz, Research 
Foundation, Microbiology Research, Children’s 
Hospital National Medical Center, 111 Michigan 
Avenue NW, Washington DC 20010, USA. 


Received 9 February 1982 


Archives of Disease in Childhood, 1982, 57, 594-596 


A trial comparing cefaclor with co-trimoxazole in 
the treatment of acute otitis media 
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Medical Centre, Hamilton, Ontario, Canada 


SUMMARY A prospective random double-blind controlled trial comparing the efficacy of cefaclor 
with that of co-trimoxazole in the treatment of otitis media was undertaken. Two hundred and 
twenty-three children aged 12 years or younger were studied. Both drugs were effective, with clinical 
cure or improvement in more than 90% of the children. The level of compliance was high and side 
effects few. Both co-trimoxazole and cefaclor can be considered safe and effective drugs for the 


reatment of acute otitis media. 


In paediatric practice, acute otitis media is the 
third most common reason for consultation with a 
doctor! In a number of studies in which myrin- 
gotomy or aspiration cultures were taken, Haermo- 
Philus influenzae, especially in younger children, was 
found not only to be a common pathogen, but also 
one that is developing increasing ampicillin resis- 
tance.*-* Thus, not only is acute otitis media com- 
mon, but the most frequently used drug is not as 
efficacious as it was. 

It seemed desirable to assess the effectiveness of 
two drugs, which, in Canada at least, are not widely 
used for the treatment of acute otitis media — 
namely, cefaclor and co-trimoxazole. A review of the 
literature showed very few random, double-blind, 
controlled trials with large sample size designed to 
assess the effectiveness of antimicrobial therapy in 
otitis media; in particular, there have been no 
previous studies comparing cefaclor with co- 
trimoxazole. 

Schwartz et al.’ in a small series found that 
clinical failures after ampicillin were due to ampi- 
cillin-resistant A. influenzae cultured after tympano- 
centesis; 93% of these children responded to co- 
trimoxazole. 

McLinn,® in a non-double-blind study found 
cefaclor more efficacious than amoxycillin, but the 
results were not statistically significant. He suggests 
that cefaclor is more efficacious than co-trimoxazole 
because it attacks not only H. influenzae, but also 
group A beta haemolytic streptococci and Stapiiylo- 
coccus aureus, less common but also important 
pathogens. 

In another study, McLinn® found the recurrence 
rate after amoxycillin was twice as great as after 


cephradine. That study was not double-blind and 
the sample was small. 

With this knowledge, we set out to answer the 
following questions; firstly, are cefaclor and co- 
trimoxazole effective in the treatment of acute otitis 
media in children, and secondly, if so, is one better 
than the other? 


Subjects and methods 


Six paediatricians in busy private primary care 
paediatric practices agreed to enrol their patients 
with acute otitis media into the study. These paedia- 
triclans were experienced in seeing many children 
with otitis media (mean number of years tn practice= 
17, range 5 to 25) and their practices ranged in 
location from the centre of a large industrial city to 
an affluent suburban area. Since Canada has uni- 
versal health care and all patients are private ones, 
we felt our patients were representative. 

All children in the 6 practices who were diagnosed 
as having acute otitis media, who were 12 years of 
age or younger, who had not received treatment with 
antibiotics within the previous 7 days, who had never 
had otic surgery, and who had had 3 episodes or less 
of acute otitis media in the preceding 6 months, were 
enrolled in the study. 

Upon diagnosis, the paediatrician telephoned the 
research nurse and gave her details of the child’s 
age, weight, and home address. The nurse phoned 
the research pharmacist who prepared either liquid 
co-trimoxazole or liquid cefaclor at the recommended 
dose per weight, in a numbered brown container, 
to be given to the child for 10 days. Within one 
hour the nurse delivered the assigned drug to the 
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child’s home. The parent(s) was told that the child 
should see the paediatrician in 10-14 days and that 
the nurse would visit the home again at 10 days. 

No instructions were given on the need for 
compliance. Neither the nurse, the paediatrician, 
nor the parent(s) knew which drug was used. 

Follow-up consisted of a visit to the paedia- 
trician’s office where visual inspection showed 
whether the tympanic membrane was normal, 
better, or worse. No attempt was made to influence 
the judgment of the paediatrician regarding the 
appearance of the tympanic membrane. 

In addition, at the second home visit, the nurse, 
who did not know the results of the follow-up 
assessment, did a pure-tone audiogram on any 
child older than 4 years. She also assessed compliance 
by measuring the volume of remaining drug in the 
bottle, and assessed side effects by means of a 
questionnaire. 


Results 


A total of 223 children was studied, with complete 
follow-up in 197 and partial follow-up in 26. Partial 
follow-up consisted of 26 children (14 in co-trimoxa- 
zole, 12 in cefaclor group) who had had home 
audiograms, and compliance and side effects assess- 
ments, but who did not return to the paediatrician 
for visual inspection of the tympanic membrane. 
In addition to the 223 children, 3 children were 
excluded from the study within 24 hours of enrol- 
ment: 1 child given cefaclor refused to take that 
drug, was switched by the paediatrician to co- 
trimozaxole (which he took), and when seen at 10 
days was cured. Two children vomiting at the outset, 
continued vomiting with co-trimoxazole to which 
group they had been assigned; in each case the 
paediatrician changed the drug to ampicillin which 
they tolerated and in follow-up, one was cured 
and the condition of the other was improved. 

The results in the children with incomplete follow- 
up showed normal audiograms in both groups, and 
compliance above 70% in 12 of 14 co-trimoxazole- 
treated and in 9 of 12 cefaclor-treated children. In 
the partially studied group, neither gastrointestinal 
nor skin side effect occurred. 

The results in the children who were fully 
followed up are shown on Tables 1 and 2. The 
condition of more than 90% children in both groups 
was found both by visual inspection of the tympanic 
membrane and (if old enough) by pure-tone audio- 
gram to have been cured or improved. Of particular 
importance is the observation that children under 4 
years, at particular risk of having ampicillin- 
resistant H. influenzae as the causative organism, did 
almost as well, with 90% in the co-trimoxazole 


Table 1 Results on follow-up (n=197) 








Co-trimoxazole Cefacior 
(2=96) (n= 101) 
No (%) No (%) 
Cured or improved 92 (96) 92 (91) 
Age <4 years 40 (42) 42 (42)* 
Cured or improved 
<4 years 36 (90) 36 (86)* 
Hearing better than 
25 decibels 51/55 (93) 56/59 = (95)* 
*No statistically significant difference. 
Table 2 Results on follow-up (n= 197) 
Co-trimoxazole Cefaclor 
(1=96) (1 =101) 
No (%) No (%) 
Compliance greater than 70% 85 (88) 90 (89)* 
Gastrointestinal side effects 0 4 (4)* 
Skin rashes 3 (3) 2 (2)* 


*No statistically significant difference. 


and 86% in the cefaclor group being cured or 
improved. 

Both groups appeared to be compliant with at 
least 70% medication having been taken by 88% 
of the co-trimoxazole group and by 89% of the 
cefaclor group. 

Neither effectiveness, compliance, nor side effects 
was found to be statistically different in the two 
groups. The sample size selected was sufficient to 
determine that the likelihood of missing a difference 
of 10% or more was less than 2%. 


Discussion 


Several methodological issues arise from this study. 
The first is that of diagnosis, Although tympano- 
centesis has been done on at least 2500 children,? 
it is painful and is not necessary for routine clinical 
practice. Without tympanocentesis and the isolation 
of bacteria, the diagnosis of acute otitis media is 
subjective. We hoped to be able to do this study 
under normal conditions in the community; since 
most paediatricians do not require tympanocentesis 
to make a diagnosis, and since it may be assumed that 
practice, whereas not making perfect at least makes 
less imperfect, we chose experienced primary care 
paediatric practitioners rather than paediatric 
interns or residents in a paediatric outpatient clinic. 
In addition, observer variation was the same for 
both groups of children, since it was the children 
who were randomly allocated to treatment groups, 
and not the doctors. Since the physicians did not 
know to which group the children would be assigned, 
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it is safe to assume that the same number of false- 
positive diagnoses was assigned to both groups. 

The second issue has to do with the use of the 
pure-tone audiogram as opposed to impedence 
audiometry as one of the outcome measures. We 
feel that impedence audiometry is too sensitive and 
does not really tell us what we want to know— 
namely, can the child hear? Undoubtedly, had we 
used impedence audiometry we would have found 
many more children with evidence of residual serous 
otitis media, but since there is no evidence that 
treating children with serous otitis who hear 
normally is of long-lasting value, we chose pure- 
tone audiometry. 

The third issue is the absence of a placebo group. 
We felt this would have been unethical, since the 
whole course of children with otitis media has 
changed greatly since effective antibiotic therapy. 
Mastoid disease and the chronic perforated drum 
are rare among well-nourished children who have 
easy access to health care, perhaps owing to early 
and effective antimicrobial therapy. Although a 
recent Dutch study suggests that antibiotics are not 
necessary in acute otitis media,’ that work has been 
seriously questioned by others.® °? 

The fourth issue is the absence of ampicillin or 
amoxycillin as a control group. We considered the 
sample size to include this treatment group would 
have to be so large as to make the study impractical. 


t 


Conclusions 


In the first random, double-blind, controlled trial 
comparing co-trimoxazole with cefaclor in the 
treatment of acute otitis media in children, both 


drugs were found to be effective and with few side 
effects. Compliance was high in both treatment 
groups. Both drugs can be recommended as effective 
and safe in the treatment of childhood otitis media. 


Referentes 


i Schwartz R H, Schwartz D M. Acute otitis media: 
diagnosis and drug therapy. Drugs 1980; 19: 107-18. 

2 Lim D J, Lewis D M, Schram J L, Birck H G. Antibiotic 

resistant bacteria in otitis media with efusion. Ann Otol 

Rhinol Laryngol [Suppi] 1980; 89: No 3, Pt 2, Supplement 

68, 278-80. 

Schwartz R, Rodriguez W J, Khan W, Mann R, Barsanti 

R G, Ross S. Trimethroprim-sulfamethoxazole in the 

treatment of otitis media secondary to ampicillin- 

resistant strains of Haemophilus influenzae. Ann Otol 

Rhinol Laryngol [Suppl] 1980; 89: No 3, Pt 2, Supplement 

68, 281—4. 

Schwob M F. Cefadroxil in the treatment of otitis media. 

J Int Med Res 1980; 8: Supplement 1, 103~5. 

McLinn S E. Cefaclor in the treatment of otitis media and 

pharyngitis in children. Am J Dis Child 1980; 134: 560-3. 

McLinn S E. Recurrence of otitis media after antibiotic 

therapy: comparison on cephradine and amoxycillin. 

J Int Med Res 1979; 7: 546-50. 

Van Buchem F L, Dunk J H M, Van’t Hof M A. Therapy 

of acute otitis media: myringotomy, antibiotics, or 

neither? Lancet 1981: ti: 883-7. 

Illingworth R. Letter: Treatment of otitis media. Lancet 

1981; ii: 1107. l 

* Feldman W. Letter: Treatment of acute otitis media. 
Lancet 1982; i: 111. 


we 


~ 


a 


a | 


Correspondence to Professor W Feldman, Pediatric 
Medical Ambulatory Care, Children’s Hospital of 
Eastern Ontario, 401 Smyth Road, Ottawa, Ontario 
KIH 8L1, Canada. 


Received 9 February 1982 


Archives of Disease in Childhood, 1982, 57, 597-601 


Poor weight gain of the low birthweight infant 
fed nasojeyunally 


M F WHITFIELD 


Department of Paediatrics, University of Sheffield and Neonatal Intensive Care Unit, 
Jessop Hospital for Women, Sheffield 


SUMMARY Forty-four appropriately grown preterm infants of birthweight 1-1-5 kg were allocated 
to nasojejunal (NJ) or nasogastric (NG) feeding at birth. Infants in the NJ group were transferred to 
NG feeding as soon as they weighed 1:5 kg. The mean caloric intake of infants in both groups was 
the same, but mean incremental weight velocity during NJ feeding was significantly less than during 
NG feeding. At expected date of delivery mean body weight and mean occipitofrontal circumference 
were significantly smaller in the NJ group. During the 3 months after the expected date of delivery, 

when all infants were being fed orally, the infants in the NJ group had significantly greater mean — 
weight velocity and mean occipitofrontal circumference velocity than infants in the NG group so 
that by 3 months after the expected date of delivery there was no significant difference in bodyweight 
or occipitofrontal circumference between the groups. Low birthweight infants fed by the nasojejunal 


route from birth should be transferred to nasogastric feeding as soon as possible. 


The early provision of an adequate caloric intake in 
a form which can be tolerated without metabolic or 
other complications is a major goal in the manage- 
ment of the small sick infant. Transpyloric feeding, 
either nasoduodenal or nasojejunal (NJ), has been 
claimed to result in better growth owing to the 
tolerance of more enteral calories than is possible 
with conventional nasogastric (NG) feeding,!-® 
and to reduce the incidence of pulmonary aspiration. 
On the other hand, Roy eż al.’ found significantly 
greater fat malabsorption during NJ feeding of low 
birthweight infants allocated randomly to NG or 
NJ regimens and noted a statistically insignificant 
faster weight gain in the NG group. A more recent 
study of low birthweight infants did not show any 
advantage in NJ compared with NG feeding.® 

This study was undertaken to observe the effect 
of NJ and NG feeding in the newborn period on 
growth of low birthweight infants from birth to 
6 months after expected date of delivery (EDD). 


Patients and methods 


Patient allocation. All infants admitted to the 
Neonatal Intensive Care Unit, Jessop Hospital for 
Women, Sheffield, during the 3-year period from 
1 January 1977 to 31 December 1979 weighing 
between 1-0 and 1-5 kg at birth who were of 


normal weight for gestational age were eligible for 
inclusion in the study (72 infants), Excluded were 
those suffering from lethal malformations (4 infants), 
those who died before enteral feeding was begun (16 
infants), and those who were not under my direct 
clinical supervision throughout the period of study 
(8 infants). Allocation to NJ or NG feeding was by 
the month of birth with one exception, mono- 
zygotic twins of 29 weeks’ gestation, one of whom 
was fed by each route. 


General management. All infants were nursed in 
incubators in a thermoneutral environment with no 
added humidity. At a body weight of about 1-7 kg, 
when direct observation of respiration was no 
longer necessary, the infants were nursed clothed, 
including a hat, in a cot following the recommenda- 
tions of Hey and O’Connell.’ Respiratory distress 
syndrome and apnoeic attacks of prematurity were 
treated by continuous positive airways pressure and 
intermittent positive pressure ventilation as required. 
Fluid and electrolyte requirements were provided 
parenterally in 10% glucose until 150 ml/kg per 24h 
of feed was tolerated enterally. No parenteral fat or 
amino-acid was given. All infants were weighed at 
least twice weekly by the nursing staff and occipito- 
frontal circumference measured weekly by resident 
medical staff or by me. l 
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Feeding. Cow and Gate Premium infant formula 
(63 kcal/100 ml, Cow and Gate Baby Foods, 
Trowbridge, Wilts} was used for enteral feeding with 
occasional supplementation with expressed breast 
milk as available. The target volumes for enteral 
feeding were (ml/kg per 24h): 60 on day 1, 150 on 
day 3, and 180-200 on days 7-10. A technique 
similar to that described by Benda® was used for NG 
feeding employing a 5 FG polyvinyl chloride tube 
which was changed daily. The feed was delivered as a 
bolus by gravity at hourly intervals and later 2- and 
3-hourly as tolerated. Infants having apnoeic attacks 
were fed hourly. The stomach was aspirated 3- 
hourly and the feed volume adjusted if gastric 
residues were increasing. Between 34 and 36 weeks’ 
gestational age bottle or breast feeds were gradually 
introduced when the infants showed signs of 
sucking. 

Discharge home took place when the infants 
sucked full feeds reliably, were gaining weight 
adequately, and showed temperature stability, 
generally at about 2-2 kg body weight. Infants were 
seen regularly after discharge and specifically at 


EDD, and at 3 and 6 months after EDD, for 


growth measurement. 

Infants were fed nasojejunally via a commercially 
available 6 FG side-opening preweighted Silicone 
rubber tube (Vygon UK Ltd, Cirencester). The tube 
was inserted slowly relying on peristalsis. An oro- 
gastric tube was also inserted and air insufflation 
used to aid passage of the NJ tube through the 
pylorus. When the tube tip was confirmed radio- 
logically to be in the jejunum within 2 cm of the 
duodenojejunal flexure a continuous infusion of 
sterile milk was delivered via a syringe pump aiming 
at the same target volumes as in NG feeding. Every 
3 hours the tube was checked visually for dislodge- 
ment and the syringe pump refilled. Syringe pumps 
were deliberately filled with the correct volume of 
feed for each 3-hour period to minimise the length 
of time that milk was ‘incubated’ at room tempera- 
ture and to ensure that the fat- and calorie-rich 
portion of the milk ejected last from a horizontal 
syringe was delivered completely to the infant. 
NJ tubes were not changed routinely. The orogastric 
tube was aspirated 3 hourly and the aspirate 
replaced via the NJ tube. Abdominal distension, 
milk vomits, gastric residues of more than 5 ml, or 
blood in the stools were indications to stop NJ 
feeding temporarily. Transfer from continuous NJ 
feeding to 3-hourly NG feeding took place when 
the infant weighed 1-5 kg. 


Results 


Clinical details of infants recruited to each feeding 
group are given in Table 1. Deaths in the NJ group 


Table 1 Clinical characteristics of 44 infants fed by the 
NJ or NG route 


NJ group NG group 
(n= 28) (n=16) 
Sex (boys : girls) - i 12:16 10:6 
Mean birthweight (kg) 1-27 l 1-30 
Range 1-04-1-49 1-06-1-46 
Mean gestational age at birth (weeks) 29-4 30-0 
Range 27-32 28-32 
No given ventilatory assistance 17 8 
Deaths 4 0 


None of the differences between the NJ and NG groups is 
statistically significant (P>0-1), 


stool frequency. There was no case of necrotising 
were due to ventilatory failure (3 infants), and to 
cot death (1 infant). NJ tube dislodgement was a 
common problem in the NJ group, occurring on 30 
occasions in 17 of the 25 surviving infants fed by 
this route. There was no significant difference 
between the two feeding groups in the incidence of 
pulmonary milk aspiration, vomiting, or abdominal 
distension, or in the volume of gastric aspirate, or 
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Fig. 1 Mean (+SD) body weight of infants in NJ and 
NG groups from birth to EDD+6 months. Interrupted 
lines give +2 SDs limits for normal growth in utero 
and after term birth>* 
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Table 2 Growth in bodyweight and occipitofrontal circumference from birth to EDD-+-6 months in infants fed NJ 


or NG in the neonatal period 
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Feeding Corrected age 
group 
Birth 34 weeks’ EDD EDD+ EDD+- 
gestation 3 months 6 months 
Number NI 2i* 21 21 18 16 
NG {5* 15 15 15 {3 
Body weight (kg) NJ t-2740-12 1-434-0-55 2+50+0-38* §-26+0-49 7-16+40-74 
mean-+SD (range) (1 -04—1 +49) (1-16-1- 68) (1+70--3- 10) (4-50-6-00) (6-20-9-00) 
NG 1-30+0-16 1-47+40-17 2°79 4+-0-39* 5-124:0-66 6-88+0-86 
(1-04~1-46) (1-14-1-75) (2-22-3 -60) (4-40-6-50) (6-30-8-00) 
Occipitofrontal circumference (cm) NJ 26-8+1-3 29-141-2 34-141-27 40-8+1-2 44-3-+1-3 
(25 -0-29 +3) (26 -8-30-1) (31-3-35-8) (38 -8-42 8) (42-5-46-4) 
Mean- SD (range) NG 27-441.1 29.7+1-1 35-1+0-9f 40-74+1-1 44-0-+41-3 
(26-0-29-0) (29-4-32-4) (33 -3~36-3) (38-0-42-5) (41-3-46-0) 


EN ETT TTT TET Ten ES NN TET TINE ETE ES Tn ne ne A aaa tem nee ane eee 
* Infants were included at birth and EDD only if available for study at EDD. 2 and 1 infants were discharged to referral hospitals in NJ and NG 
groups respectively before EDD so n=21 and 15 respectively. An additional 3 and 5 infants in the NJ group were lost to follow-up at EDD+3 


months and EDD-+-6 months respectively. Two infants were lost to follow-up in the NG group at EDD+6 months. 


* Student’s ¢ test P<0-05. +Student’s ¢ test P<0-01. 


enterocolitis or bowel perforation in the study 
population, but one infant was withdrawn from the 
study because of intractable abdominal distension 
after 14 days of NJ feeding and received total 
parenteral nutrition. 

There was no significant difference in mean enteral 
feed intake between the two groups at any time 
between birth and discharge from hospital. Once 
full feeding was established (about 11 days in each 
group) the mean enteral calorie intake (+SD) re- 
mained constant (NJ 121-411, NG 122+10 kcal/kg 
per 24h) during the infant’s stay in hospital. The 
duration of NJ feeding ranged from 5 to 48 (mean 
29) days, depending on the time taken to grow from 
birthweight to 1-5 kg body weight. 

Initial weight loss in the two feeding groups was 
similar (mean, range; NJ 126, 0-230; NG 123, 
40-200 g). During the first weeks of life infants 
in the NJ group grew more slowly than those fed 
NG from birth resulting in a significantly lower 
weight and occipitofrontal circumference at EDD" * 
(Fig. 1, Table 2). 

Incremental weight velocity IWV, weight increase 
(g) per 24h divided by the body weight in kg at the 
midpoint of the time period during which the 
calculation was made, g/kg per 24h), was calculated 
in overlapping 2 week periods for infants in each 
group. The NG group reached a significantly 


higher peak mean IWV (Fig. 2 at 5 weeks’ postnatal 
age, NG 17-0+4-6 (SD), NJ 12-3+3-6 g/kg per 
24h; P=0-01). In order to compare IWV in infants 
fed exclusively nasojejunally or nasogastrically and. 
to exclude infants fed nasojejunally for only a few 
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Fig. 2 Mean (4 SEM) incremental weight velocity by | 
weeks of postnatal age in infants in NJ (n=22) and NG 
(n=15) groups. Difference at 5 weeks is significant 
(P<0-01). 


Table 3 Incremental weight velocity (g/kg per 24h) from birth to 1-5 kg body weight in infants fed NJ or NG 


weighing between 1-0 and 1-4 kg at birth 


Feeding route Birthweight (kg) 


Gestational age (weeks) 


No of infants requiring Incremental weight velocity 


ventilation (e/ke per 24h) mean LSD 
Mean Range Mean Range 
NJ (n==20) 1.25 1 -08-1 -40 29.5 27-31 7 7-4-+-1-7* 
NG (n= 10) 1-23 1-04-1-40 29-4 28-31 6 10-04-2-0* 


* Student's ¢ test P<0-01, also significant (P<0-05) for sex compared separately. There is no significant difference in birthweight, gestational 
age, or need for ventilation between the two groups. 
Mean duration of NJ feeding 33 (13-48) days. 
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days, IWV was calculated for infants in both groups 
of birthweight of 1-4 kg or less during the period 
from birth to reaching 1-5 kg body weight (Table 3). 
Incremental weight velocity was significantly higher 
in the infants fed nasogastrically. 

From EDD to EDD+3 months mean IWV 
($-SD) (NJ 7:7+1-6, NG 6-5+1-6 g/kg per 24h, 
P<0-05) and mean occipitofrontal circumference 
velocity (SD) (NJ 0-55-+0-08; NG 0-47-+0-06 cm 
per week, P<0-01) were significantly higher in the 
NJ group so that by EDD+3 months and EDD+6 
months there were no significant differences in body 
weight or occipitofrontal circumference between the 
two groups (Table 2, Fig. 1). 


Discussion 


Although patient allocation was not formally 
randomised, allocation of all eligible infants by 
month of birth recruited two similar groups of 
infants although there were fewer infants in the NG 
group (Table 1). Neither type of feeding offered a 
significant advantage in the incidence of feeding 
complications and NJ feeding did not prevent 
pulmonary milk aspiration. There had been no case 
of necrotising enterocolitis in our nursery before the 
study, and the introduction of NJ feeding was not 
associated with the appearance of this complication. 
The Silicone rubber transpyloric tubes remained 
flexible after several weeks ist situ. 

Claims of superior weight gain with NJ feeding 
in the first weeks of life are dependent on increased 
enteral tolerance of feed by this route.1-* In this 
study we had little difficulty in passing NJ tubes 
(88% passed at the first attempt within 24 hours) 
but tube dislodgement, abdominal distension, and 
ileus limited the rate at which feedings could be 
increased, particularly in the sicker infants. 
Others!*-} have described similar difficulties. There 
was no difference in enteral calorie intake at any- 
time between the two groups. 

Infants in the NJ group grew more slowly in 
weight and occipitofrontal circumference in the 
neonatal period than infants receiving the same 
caloric intake by the NG route, and the differences in 
weight and occipitofrontal circumference paralleled 
one another suggesting that the differences reflected 
in the measured growth parameters do indeed 
represent true differences In growth between the 
two groups. The increase in growth rate after the 
newborn period in the NJ group resulting in ‘catch 
up’ by EDD+3 months suggests that differences in 
growth in the neonatal period were due to differences 
in neonatal management rather than to intrinsic 
differences in growth potential. 


Despite the similarity of the two groups of 
infants (Table 1) the lack of a formally randomised 
patient allocation procedure might have resulted in a 
tendency to inadvertent bias towards sicker infants 
being included in the NJ group. The presence of a 
slight (statistically insignificant) preponderance of 
infants requiring ventilation in the NJ group might 
be expected to affect growth adversely in the 
immediate newborn period, but permit catch-up 
growth later. The NG fed infants of 1-4 kg or less 
at birth (Table 3), despite a statistically insignificant 
slight excess of ventilated infants in the group, still 
achieved a significantly higher mean IWV. 

Infants fed NG from birth reached a higher peak 
mean IWV than the infants in the NJ group (Fig. 2). 
Progressive transfer of infants in the NJ group to 
NG feeding as they reached 1-5 kg body weight was 
associated with approximation of the mean IWV 
curves for the two groups (Fig. 2). The lower 
weekly mean IWV in the NJ group during the 
period of NJ feeding was associated with significantly 
lower body weight at EDD. 

These findings indicate that the differences in 
mean IWV and attained growth between the two 
groups are likely to have been owing to differences 
in feeding in the neonatal period rather than to other 
factors. 

The slower growth rate of NJ fed infants is likely 
to reflect greater malabsorption of calories adminis- 
tered enterally by this route. Fat balance measure- 
ments were not made in this study but Roy et al.,’ 
in a study of well infants of weight and gestational 
age comparable with the infants in this study, found 
23% fat malabsorption in NJ fed infants and 14-9% 
in infants fed by the NG route (P<0-025), and 
considerably greater degrees of enteral malabsorp- 
tion may be expected in less mature sick infants. 

Delivery of milk into the upper jejunum by-passes 
a significant proportion of the absorptive surface 
of the upper bowel and digestive processes initiated 
in the stomach and duodenum. Salivary lipase may 
be responsible for intragastric lipolysis of a significant 
proportion of ingested fat in the gastrically-fed 
preterm infant.1° In the present study, gastric 
aspirates in NJ fed infants were replaced down the 
NJ tube to reduce enzyme and electrolyte losses 
but salivary lipase is fairly inactive at intestinal pH 
and losses of saliva inevitably occurred. Bolus 
gastric feeding of newborn infants has been shown 
to induce secretion of enteric hormones,” 18 which 
have local and possibly trophic effects on the 
bowel.!’ Continuous infusion of milk into the upper 
jejunum might influence the acquisition of the 
enterohormonal responses to feeding and affect 
functional intestinal maturation. Two studies!® 2° of 
preterm infants however, showed no difference in 
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blood levels of fat and carbohydrate metabolites, 
insulin, and pancreatic and enteroglucogen between 
bolus and continuous gastric feeding!® or between 
continuous gastric and jejunal feeding.*® Changes in 
bacterial flora of the upper bowel induced by 
transpyloric feeding?! may also influence nutrient 
absorption. 

If the values of fat malabsorption of Roy et al.’ 
for NJ- and NG-fed infants are assumed and a value 
of 4-9 kcal/g body weight increment for the energy 
cost of growth in gastrically-fed infants of compar- 
able weight and gestational age,” it can be calculated 
that an additional 21 kcal/kg per 24h would have 
_had to be administered and be tolerated by the NJ 
route to support the same weight velocity as infants 
fed nasogastrically since birth. 

The longer-term significance of the difference in 
growth rates between the two groups is unclear, 
since catch-up growth had occurred by EDD-+3 
months, at least as reflected by weights and occipito- 
frontal circumference measurements. In the first 2 
or 3 weeks of life, continuous transpyloric feeding 
may offer benefits in the smallest infants in reduction 
of the incidence of apnoeic attacks® and disturbance 
of respiratory mechanics by feeding.?? 24 Such 
possible benefits have not been investigated in 
controlled prospective trials, and poor nutrient 
absorption may be a significant problem in such 
infants. NJ feeding offers considerable benefits in 
cost over parenteral nutrition, and in nursing time 
over bolus gastric feeding.” 

Infants fed by the NJ route from birth should be 
transferred to intermittent gastric feeding as soon as 
possible to promote optimal growth and normal 
development of gastrointestinal function. 


I thank Professor R D G Milner and Dr J A Black 
for helpful criticism and permission to report cases 
under their care, the nursing staff who cared for 
these infants, and Mrs P M Whitfield for help with 
the diagrams. 
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Continuous intravenous infusion of ampicillin and 
gentamicin during parenteral nutrition in 88 newborn 


infants 


H COLDING, $ MØLLER, AND G E ANDERSEN 


Statens Seruminstitut , Institute of Medical Microbiology, University of Copenhagen, and 
Neonatal Department, Rigshospitalet, Copenhagen, Denmark 


SUMMARY Ampicillin and gentamicin were dissolved once a day in an L-amino acid solution 
especially prepared for parenteral nutrition of newborn infants and infused continuously to 88 
infants in whom septicaemia was suspected or had been proved. The mean dosages were 162 and 
5-3 mg/kg per 24 hours respectively, and the 95% limits for the serum concentrations were 11-133 
and -1-3-7-4 ug/ml. The treatment results were at least as good as with intermittent intramuscular 
or intravenous administration. This new mode of giving antibiotics is less painful to the babies and 


easier for the nurses. 


In many cases intramuscular (IM) injections of 
antibiotics are a safe mode of administration. 
However, in small, sick newborn infants with 
reduced muscle mass, induration of the muscles 
after previous injections, or poor blood circulation 
intravenous (IV) administration is preferable. 
During parenteral nutrition (PN) of newborn infants 
a closed infusion system is used to avoid contamina- 
tion of the solutions. Intermittent IV administration 
of antibiotics via the PN infusion system may be 
hazardous to such infants since the closed system 
will be broken 4 to 6 times a day. We therefore 
decided to combine continuous infusion of anti- 
biotics with parenteral nutrition. It is well 
documented that penicillins dissolved in a variety of 
parenteral solutions are rendered inactive. We 
therefore tested the stability of ampicillin in com- 
bination with gentamicin dissolved in three common 
parenteral solutions: Invertose Darrow, vamin with 
fructose (Vitrum, Stockholm), and vamin especially 
prepared for newborns.’ We found that inactivation 
of this combination of antibiotics was least in the 
third solution so this was chosen for clinical use. By 
continuous IV infusion of antibiotics it is possible to 
maintain a steady state serum concentration higher 
than the minimal inhibitory concentration for most 
bacterial strains. Aminoglycosides administered in 
this way have been shown to give a high cure rate in 
adults, and nephrotoxic and ototoxic side effects 
are no more frequent than after intermittent 
injections.2-4 


The aim of the present study was to evaluate the 
practical, pharmacokinetic, therapeutic, and toxico- 
logical aspects of this treatment, which has not been 
used in newborn infants before. 


Patients and methods 


Patients. Between January 1978 and January 1980, 
2354 newborn infants were admitted to the Neonatal 
Department, Rigshospitalet, Copenhagen. Eighty- 
eight infants receiving PN (39 girls and 49 boys) to 
whom antibiotics were prescribed were allocated to a 
prospective study in which PN plus ampicillin and 
gentamicin were given by continuous IV infusion as 
described earlier.5 We told the parents that in case of 
suspected or proved infection antibiotics. would be 
given to their infants. Gestational ages ranged from 


‘27 to 42 (median 34) weeks. Birthweights ranged 


from 805 to 4850 (median 1975) g. Fifty-one of the 
88 patients had mainly surgical problems, 22 had 
respiratory distress syndrome as their principal 
problem, and 13 had very low birthweight only. 
One patient had Fallot’s tetralogy and one had 
myotonic dystrophy. Nine died, 3 of whom had signs 
of bacterial infection. 


Administration of PN. PN with 10% invertose, 
20% Intralipid (Vitrum, Stockholm), and an 
L-amino acid solution based upon vamin (Vitrum, 
Stockholm) especially prepared for newborns (vamin 
for newborns)! was started between the Ist and 48th 
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day of life. In 72 patients PN was started within the 
first week of life. The indications for PN described 
by Heird and Winters® were used. PN was admini- 
stered via a peripheral vein as described earlier.5 ? 
The duration of PN ranged from 2 to 78 (median 10) 
days. The mean weight gain during PN was 9 g/kg 
a day. 


Administration of antibiotics. Antibiotic treatment 
was initially given intermittently (IM or IV) for 
0-16 (median 2) days. When PN was begun the 
intermittent administration of antibiotics was 
changed to continuous IV antibiotic treatment 
which was started between the 1st and 53rd (median 5) 
day of life. The duration of this treatment 
ranged from 2 to 20 (median 5) days. The infused 
amounts of ampicillin and gentamicin chosen for the 
first 24 hours were the same as the dosages normally 
given by IM injection—that is 200 mg/kg per 24 
hours of ampicillin and 5 mg/kg per 24 hours of 
gentamicin. Assuming that clearance did not change 
from one day to the next and aiming at a serum 
concentration of 4 ug/ml for gentamicin the daily 
amount of gentamicin (mg) to be added to the bottle 
could be calculated by using the equation: 
y=4xAxD/CxB. A is ml vamin for newborn 
infants given during the period 48 hours to 24 hours 
before, and D is mg gentamicin added to that bottle. 


C is the serum concentration of antibiotic measured 
24 hours before (ug/ml), and B is ml vamin for 
newborn infants to be given during the next 24 hours. 
The ampicillin dosage was calculated using the same 
equation inserting 40 as the steady state concen- 
tration instead of 4. The ampicillin dosage was not 
changed when the serum concentration was found to 
be between 40 and 60 ug/ml. For the first 34 infants, 
the serum concentration of gentamicin was measured 
the same day and inserted in the equation together 
with ml vamin given during the previous 24 hours. 
For the last 58 infants, the same daily dosages of the 
antibiotics were generally planned for the first 
3 days. Nineteen of the infants with intestinal 
perforation or necrotising enterocolitis also received 
clindamycin 15 mg/kg per 24 hours diluted in 
5.5% glucose given [TV over 30 minutes 3 times daily. - 


Specimens. Blood samples for antibiotic assay were 
obtained by heel puncture at 0900 hours, and in the 
first 26 newborn infants also at 2100 hours. Blood 
urea nitrogen, serum electrolytes, leucocyte and 
platelet counts were performed together with blood, 
spinal fluid, tracheal, stool, peritoneal, and urine 
cultures for anaerobic or aerobic bacteria and fungi. 


Assay methods. Serum concentrations of antibiotics 
were measured microbiologically using a paper disc 


Table 1 Mean administered dosages of vamin for newborn infants, ampicillin and gentamicin, and serum concentrations 
of antibiotics in relation to gestational age, weight, and postnatal age during a total of 776 treatment days 





Ampicillin Gentamicin 
No of treatment Initial Postnatal Vamin Dosage No of Serum No of Serunt 
treatment age (nilkg (mg/kg per 24 h) measure- ` concen- measure- concen- 
Days Courses weight (days) per 24 Hi) ———---------________——__ ments tration ments tration 
(2) Ampicillin Gentamicin (ug/ml) Gigiml) 

Gestational age (weeks) : 

<32 274 42 1217 20 88 161 5.6 205 45 219 3-2 

33-36 153 23 1677 8 93 159 5-2 124 43 133 3-4 

237 332 43 2730 15 91 164 5-0 265 33* 287 2°9f 
Initial treatment weight (g) 

< 1000 88 13 16 87 147 5.5 72 47 73 3.3 

1001-1500 220 32 17 87 164 5-5 171 Al 182 3-1 

1501-2000 150 23 12 97 163 5-0 111 45 124 3-4 

2001-2500 104 15 11 86 150 5-2 80 35 89 3-1 

2501-3000 116 13 16 98 182 5:6 92 33 99 3-0 

= 3001 98 14 19 90 162 4-6 82 30* 86 2-6* 
Postnatal age (days) 

<7 242 67 1862 89 166 4-7 149 48 158 3-1 

8-14 278 77 2058 92 155 5-3 260 38 279 3-1 

15-21 95 24 1950 50 150 5.2 72 41 83 3-2 

222 161 26 2026 91 178 6-1* 128 3it 134 2-9 
Mean 1977 15 91 162 5-3 39 3-1f 
SD within the 

individual 

treatment 

courses 

(% of mean) 3°4 20 24 45 43 “82 53 





*P<0-001, TP <0-005, tgeometric mean. 
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method as described previously.1® The bacterial 
sensitivity was assessed by a disc diffusion method 
(AB Biodisk, Stockholm). 


Statistical methods. A logarithmic transformation 
was required to obtain normal distribution for the 
serum concentrations of the antibiotics. Because of 
differences between treatment courses within the 
groups defined by gestational age and the initial 
treatment weight—that is weight at the beginning of 
continuous IV antibiotic treatment—initial treatment 
weight, and postnatal age comparisons were made 
using an unbalanced 2-way nested classification 
model for gestational age and initial treatment 
weight, the observations within the 110 treatment 
courses being nested within groups.? Comparisons 
between the postnatal age groups were made using 
an unbalanced 2-way analysis of variance classified 
by treatment courses and postnatal age. It should be 
noted that the comparisons between postnatal age 
group 4 (>22 days) and the other postnatal age 
groups (Table 1) are based upon only 9 of the 
treatment courses because 17 infants were >22 days 
old during the entire treatment course. 


Results 


In Table 1 the mean dosages of vamin for newborn 
infants, ampicillin and gentamicin, plus the mean 
serum concentrations of ampicillin and gentamicin 
are presented in relation to gestational age, initial 
treatment weight, and postnatal age during all 
776 treatment days (110 treatment courses). The 


gestational age of one child who was treated for. 


17 days is not known. The differences in serum 
concentrations of antibiotics (Table 1) cease to be 
significant if the statistical analysis is restricted to 
109 and 150 of the 776 treatment days during which 
80-110% of the planned volume of vamin and 
90-110% of the planned amount of ampicillin 
(mean dosage 145 mg/kg per 24 hours) and 
gentamicin (mean dosage 6-1 mg/kg per 24 hours) 
had actually been given. The corresponding mean 
serum concentrations were 40 and 3-3 ug/ml 
(data not shown). 

The results were the same whether the calcula- 
tions of the daily amount of gentamicin to be added 
to the bottle were based on the same day (34 infants) 
or the previous day (54 infants) serum concentration 
measurements. 

The serum concentrations of antibiotics during 
the first three treatment days during which most of the 
first 30 and all of the last 58 infants were given 
the same daily dosage did not differ significantly 
from the results for all 776 treatment days. 

In Table 2 the mortality rates are given in relation 


to the type of infection. Of the 3 infants who died 
with signs of bacterial infections caused by strains 
resistant to ampicillin and sensitive to gentamicin 
Case 1 weighed 960 g. Ampicillin and gentamicin 
had been given intermittently from day 5 to day 8 
and continuously IV thereafter. All treatment, 
including antibiotics, was stopped after a conference 
decision on day 12—that is 30 hours before death— 
because of his desperate clinical condition. At 
necropsy a subphrenic abscess was found and 
Escherichia coli was cultured from heart blood and all 
organs. In Case 2, who weighed 1720 g, a septostomy 
was made on day 1 because of transposition of the 
great vessels. On day 5 signs of necrotising 
enterocolitis developed. The child was hemi- 
colectomised on day 41 because of necrosis and 
perforation of the colon. Antibiotics were given as 
intermittent injections on days 41 and 42 and as 
continuous IV infusions from day 43 until she died 
4 days later. At necropsy, E. coli and Klebsiella 
oxytoca were cultured from all organs except the 
brain. Case 3, who weighed 1080 g, developed 
necrotising enterocolitis on day 7 with perforation 
and was operated on day 11 and continuous IV 
infusions of antibiotics were given until death 6 days 
later, shortly after reoperation. At necropsy 
Klebsiella pneumoniae was cultured from heart 
blood and all organs. 

Gram-negative rods, sensitive to gentamicin, were 
isolated from 11 of the 14 surviving patients among 
the 17 with bacteraemia or peritonitis (Table 2). 
Six of these strains were resistant to ampicillin. 
Of the remaining 3 patients one had bacteraemia 
with Staphylococcus aureus and the other two had 
peritonitis, verified during operation. Furthermore, 
in one case a Bacteroides species and in two cases a | 
Clostridium species were isolated from the peri- 
toneum. From 3 of the 16 patients with necrotising 


Table 2 Mortality rates in relation to type of 
infection for 88 newborn infants 





Number of Fatal 


patients 
Without With 
bacterial bacterial 
infection infection 
Peritonitis and bacteraemia 2 0 1* 
NEC, peritonitis, and bacteraemia 3 0 1 
NEC, peritonitis, bacteraemia, 1 0 1 
and meningitis 
Pneumonia and. bacteraemia 1 0 0 
Bacteraemia only 4 1 0 
NEC and peritonitis 3 0 0 
Peritonitis only 3 0 0 
NEC only 9 I 0 
Bacteraemia suspected 
but not verified 62 4 0 





*Death occurred 30 hours after treatment had been stopped. 
NEC=necrotising enterocolitis. 
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j 
enterocolitis a Clostridium species was isolated from 
peritoneum or stool. 


Discussion 


Many studies have shown that penicillins are 
inactivated in a variety of parenteral solutions. We 
in an earlier study! found as much as 69% loss of 
ampicillin in vamin with fructose (Vitrum, 
Stockholm) after 24 hours. In a vamin-solution 
especially prepared for newborns? however, the 
inactivation of ampicillin was only 22% and 
gentamicin was fully stable. Earlier studies have 
shown that the half-lives of ampicillin and gentamicin 
are correlated to gestational age, weight, and 
postnatal age in newborn infants?" Extensive 
experience with the currently recommended dosage 
of gentamicin indicates that gentamicin given either 
by IM injections or IV infusion over a 20-minute 
period is neither ototoxic nor nephrotoxic for 
newborn infants if used for periods of 7-10 days." 
Recently, it has been shown that using the recom- 
mended dosage the mean predosage gentamicin 
serum concentration is about 3 ug/ml for newborns 
with a gestational age less than 35 weeks and a 
postnatal age less than 1 week.'* Concern for 
possible accumulation associated with predose 
concentrations greater than 1-0 pg/ml has led to 
recommendations to monitor gentamicin serum 
concentrations and to tailor individual dosage 
regimens in neonates./* 13 For ampicillin it has been 
shown that the mean predosage serum concentration 
is about 40 ug/ml./4 The reason why the mean serum 
concentration of antibiotics, especially gentamicin, 
was lower than aimed at in this study was due to the 
fact that the whole amount of antibiotics calculated 
for the next 24 hours was not always given. This was 
mainly caused by subcutaneous infiltration of the 
scalp with vamin for newborn infants to which the 
antibiotics had been added. A new scalp vein line 
could not always be established at once, thus 
causing a delay in the planned infusion. This 
problem of giving less than planned during PN to 
newborn infants in a busy intensive care unit is being 
increasingly recognised.“ The only way to resolve 
the problem is by meticulously observing that the IV 
fluids do not infiltrate subcutaneously and if they do 
that the IV line is re-established at once. In some 
cases the doctors had incorrectly calculated the 
amount of antibiotics. The differences between 
treatment courses and the three criteria, gestational 
age, initial treatment weight, and postnatal age, 
were small compared with the random variation 
within the individual treatment courses, and 
disappeared when the planned amount of antibiotics 
had been correctly calculated and actually given. 


Using the formula for infusion rate as described 
earlier, the mean values of the elimination rate 
constant for ampicillin and gentamicin were 0-26 and 
0-11 per hour respectively. Further evaluation of the 
kinetics of the antibiotics and calculations of the 
elimination rates will be presented in detail in a 
subsequent paper. 

In the present study the 95% limits for serum 
concentrations of ampicillin and gentamicin were 
11-133 and 1-3-7-4 ug/ml respectively. For 
ampicillin this is more than 10 x minimal inhibitory 
concentration for sensitive strains, and for gentamicin 
above the minimal inhibitory concentration for 
sensitive strains but below the toxic value. 

For the 64 infants receiving PN and intermittent 
injections of antibiotics in our department during 
1976 and 1977, the mortality rate was 17%. About 
half (7-8 %) of these patients had bacterial infections. 
Some of these patients received kanamycin instead 
of gentamicin. In this study the mortality rate was 
10% and bacterial infection was found in 3-4% 
(Cases 1, 2, and 3). In Cases 2 and 3, the strains 
isolated from the peritoneal cavity during operation 
and from blood were resistant to ampicillin but 
sensitive to gentamicin as assessed by Biodisk——that 
is minimal inhibitory concentration <2 ug/ml. 
The range of their gentamicin serum concentrations 
was 1-9-5-2 ug/ml. From both patients Klebsiella sp. 
was isolated. It has been shown that infection with 
Klebsiella sp. is a risk factor related to dying from 
necrotising enterocolitis.1® Furthermore, it has been 
shown in adults that the response rate for Klebsiella 
sp. infections is significantly lower than for infections 
with other Gram-negative bacilli using continuous 
IV infusion.® Therefore, as regards Case 2, ampicillin 
should have been changed to cephalosporin and 
Case 3, who had meningitis, should have’ been 
treated with chloramphenicol. 

No nephrotoxic reactions were seen in the 
patients. The assessment of ototoxicity will have to 
be deferred until the infants are older. 

In conclusion, the study has shown that it is 
possible to maintain serum concentrations of 
ampicillin and gentamicin above the minimal 
inhibitory concentration for sensitive bacterial 
strains by continuous IV infusions in combination 
with parenteral nutrition using individually 
calculated dosages. The results are at least as good as 
our results with intermittent antibiotic treatment. 
However, if the isolated strains are resistant to 
ampicillin the treatment should be changed. From 
two practical points of view the continuous IV 
infusion of antibiotics is superior to intermittent 
administration. Injections into the often small 
muscles of low birthweight infants are avoided and 
only one dose needs to be calculated and injected 
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daily, thus keeping the amino-acid infusion system 
closed for 24 hours instead of breaking it 4-6 times a 
day, as is done during intermittent IV therapy. 
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Clinical limitations of the estimation of glomerular 
filtration rate from height/plasma creatinine ratio: 
a comparison with simultaneous °!Cr edetic acid 
slope clearance 
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SUMMARY A retrospective comparison of single determinations of glomerular filtration rate 
measured by “chromium-edetic acid slope clearance (Cepra) and height/plasma creatinine ratio 
(Ht/Pc) was undertaken in 199 children aged between 3 and 16 years. Analysis of the data indicated 
that only if Ht/Pe <1-2 cm/umol per | was the relationship between Ht/Pc and Cepra linear. 
Over this range where renal function is significantly impaired the confidence limits for individual 
prediction of glomerular filtration rate were so wide that a definitive measurement of renal function 
would be necessary in clinical practice. Where Ht/Pc¢ 331-2 the relationship was non-linear and the 
predictive confidence limits very wide. To apply the technique as a screening test for normal renal 
function (Cepra>80 ml/min per 1-73m?) the Ht/Po would need to exceed 2-16. In our study this 
would have detected 57 out of 131 patients who had normal glomerular filtration rates and 


erroneously included 2 out of 68 with subnormal renal function. 


A simple and accurate test of glomerular filtration 
rate (GFR) would considerably expedite the 
investigation of children with renal disease. 
Creatinine clearance techniques rely on complete, 
precisely timed urine collections which are inherently 
inaccurate in patients with obstructive uropathy or 
reflux. Inulin clearance, requiring a continuous 
intravenous infusion, poses ethical and practical 
problems and few laboratories routinely measure 
inulin concentrations. Radioisotope slope clearance 
studies have been shown to be accurate except in the 
oedematous patient.2 They are simple to perform, 
but require repeated venepunctures and take at least 
3 hours, rendering them unsuitable for routine 
outpatient work. 

In a growing child the level of plasma creatinine 
(Pc) varies inversely with GFR but the relationship 
is not a simple one and, although GFR per surface 
area is constant above 3 years of age,* endogenous 
creatinine production and mean Pc levels rise with 
increasing muscle mass. It appears to be widely 
accepted that in children ‘renal function can be 
estimated from serum creatinine’.* Schwartz et al,” 
and Counahan ef al. each derived the hypothetical 


relationship between height (Ht) and reciprocal Pc 
and then confirmed this in studies on three series of 
patients comparing the estimated with measured 
GFR by creatinine and inulin clearances and 
Cepra-. Both groups found the relationship of 
predicted to measured GFR to be linear and con- 
cluded that individual Ht/Pc estimates of GFR 
were valid. 

We have repeated the comparison on 199 children 
aged between 3 and 16 years whose measured GFRs 
were distributed between severe impairment and 
normality. Our results do not accord with previous 
work. z 


Method 


Between January 1977 and December 1978, CEDTA 
was performed on 107 boys and 92 girls aged 
between 3 and 16 years, who simultaneously had 
plasma creatinine and height measured. Because of 
the known variation in GFR proportional to surface 
area that occurs in early childhood? children under 
age 3 years were excluded, as were those who were 
known to be morphometrically abnormal—for 
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example those with spina bifida. The height was 


recorded in cm using a Harpenden stadiometer, and . 


the weight in kg. Surface area was calculated for 
each child from height and weight using the formulae 
of DuBois and DuBois’? and Haycock et al.8 Data 
_ were analysed using an ICL 1906A computer with 
software written for the statistical routines to 
conform with the methods of Armitage.® The slope 
clearances were performed by single compartmental 
model analysis, and the result expressed as ml/min 
per 1-73m? surface area. Two blood samples were 
taken, the first 2 hours after intravenous injection of 
isotope, and the second at 3, 4, or 6 hours, depending 
on the expected GFR. Levels of plasma creatinine 
were determined by a reaction rate method using a 
Union Carbide centrifugal analyser on a blood 
specimen drawn immediately before the injection of 
isotope, and the result expressed as umol/l. 


Results 


The Ht/Pc was plotted arithmetically against 
Cepra producing a scatter diagram (Fig. 1). Visual 
inspection suggests that the relationship was non- 
linear over the full range. We therefore tested for 
linearity of the relationship using two methods. 

(1) The data were tested in the form: 

Log Cepra=Log a+b Log Ht + Log Pec as 
reported previously by Counahan ef al.® in their 
study of 108 children and adults. These authors 
found that the coefficients b= —c=1, and concluded 
that the relationship was linear. We were unable to 
confirm this but derived the values b=0-91, c=1-16, 
the latter differing significantly from unity (Student’s 
t test for b; t==0-96; for c, t= —5-80). 

(2) Because in clinical practice the Ht/Pc is used 
we examined the function: 

Cepra =a x (Ht/Pc)® in the form Log Cepra = Lies 
a+b Log (Ht/Pc), and derived the following 
relationship: 

Logn Cepra==3:838+1-151 Logn (Ht/Pc). 

The standard error of b is 0-0272: and f test for 
b=1, t=5-55 which is significantly different from 
unity (P<0-001). Retesting with Logn CEDTA 
corrected for surface area using the Haycock, 
Schwartz, and Wisotsky formula generated the 
regression equation: 

Logn Cepra==3°834-+ 1-152 Logn (Ht/Pc). 

The difference between the two surface area 
correction methods was so small that the following 
data analysis was based exclusively on Dubois. 

The 95 % confidence limits for individual values of 
Cepra from Ht/Pc were derived? and these proved 
to be very wide (Fig.-2). Nevertheless the scatter 
diagram (Fig. 1) suggests that at low levels of GFR 
the relationship of Cepra to Ht/Pc may be 
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Fig.1 Scatter diagram of Cepra against Ht/Pc in 
199 children. 
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Fig.2 Relationship between Cgpra and Ht/Pc 
showing 95% confidence limits. 
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sufficiently linear and the residual variance among 
the observations sufficiently small to permit inter- 
polation. Testing at successive incremental intervals 
of Ht/Pc of 0-2 indicated that at Ht/Pc <1-2 the 
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Fig.3 95% confidence limits of Cepra separately 
derived from individual patient data where Ht/Pc 
<J1-2 and <1-4. 
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Fig.4 Mean-+-2 SD for Cepra at 0-2 intervals 
of Ht/Pc. 


relationship could be reasonably represented linearly 
with the formula: 

Cepta= —0-78+41-19 (At/Pc). 

This is supported by logarithmic analysis as in (2) 
above, where the regression coefficient b is not 
significantly different from 1 on this limited section 
of data (b=0-97, SE=0-049). 

Inclusion of observations in the next newl to 
Ht/Pc <1-4 resulted in a certain loss of linearity in 
the logarithmic relationship (b=1-096, SE of 
b=0-059) and widening of the confidence limits 
(Fig. 3). Above this level linearity was lost. 

In Fig. 4, the mean 4 2 standard deviations of 
Cgpra determinations has been located at the centre 
of successive Ht/Pc intervals of 0-2 where at least 
five observations were obtained. This graphically 
illustrates the abrupt dispersion of data at Ht/Pc 
>1-2. 


Discussion 


In the estimation of GFR in childhood from single 
Ht/Pc measurements our results do not confirm 
previously published work and our interpretation 
reflects this. The relationship between measured and 
predicted GFR is not linear, although it can be 
considered so in the small subset of patients with 
Ht/Pc <1:2. Although a complex function itself 
would be no bar to the prediction of GFR, the 95% 
confidence limits are so wide as to render a single 
estimation highly inaccurate. For example, in an 
individual with an Ht/Pc of 1-0 the estimated GFR 
would lie between 31 and 71 ml/min per 1-73m? 
with 95% probability (Fig. 2). This uncertainty is 
unacceptable in clinical practice. Even at Ht/Pc of 
<1-2 where the dispersion of the data is clearly 
smaller (Fig. 4) and the function can be considered 
linear, the generated confidence limits, although 
narrower (Fig. 3), are still too wide to permit 
accurate prediction. It is within this range of reduced 
renal function that precise knowledge of GFR. is 
clinically important. Furthermore, the diverging 
confidence limits at Ht/Pc œ1:2 preclude the use 
of Ht/Pc in screening for normal renal function. 
Using the lower confidence limit shown in Fig. 2 
the Ht/Pc must exceed 2:16 in order to predict an 
individual GFR 80 ml/min per 1-73m*? with 
97:5% confidence. . 

We recognise that the use of Cepra as the reference 
standard overestimates actual GFR at normal and 
high range.” This is due to an inherent defect in the 
single compartmental model which ignores other 
exponential effects due to the equilibration of 
radiopharmaceutical between plasma and extra- 
cellular space. The non-linearity we have demon- 
strated between Cepra and Ht/Pc is in accordance 
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with this. However, we did not consider it justified to 
resort to inulin clearance as a reference standard with 
its additional inconvenience for: patients and 
laboratory. The accuracy of Cepra in practice is 
such that the comparison with Ht/Pc is a valid 
exercise. 

We conclude that the prediction of GFR in 
children from single Ht and Pc measurements is of 
limited value in clinical practice and should only be 
applied with caution. With impaired renal function 
where a precise determination of GFR is essential, 
the method is too inaccurate. As a screening test for 
normal renal function it detected 57 out of 131 
children but erroneously recognised as normal 2 out 
of 68 with a measured GFR of less than 80 ml/min 
per 1-73 m*. We stress that these conclusions apply 
only to an individual estimate of GFR; our data do 
not permit evaluation of sequential measurements of 
Ht/Pc to monitor rates of change of renal function in 
a particular patient. 


The chemical determinations were carried out in the 
Department of Clinical Chemistry, under the 
direction of the late Dr D N Raine, and data 
processing was performed by R J Lancaster, 
computer officer, Department of Social Medicine, 
University of Birmingham. 
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Evaluation of a height/plasma creatinine formula in 
the measurement of glomerular filtration rate 


M C MORRIS, C W ALLANBY, P TOSELAND, G B HAYCOCK, AND C CHANTLER - 
Evelina Children’s Department and the Department of Clinical Chemistry, Guy’s Hospital, London 


SUMMARY The clinical usefulness of the quantity height (cm)/plasma creatinine (Ht/P,,) as a pre- 
dictor of glomerular filtration rate (GFR) was investigated in 163 children with varying levels of 
renal function. Plasma creatinine levels (umol/l) were measured by an automated reaction rate 
method. The results indicate that in rather more than half the children studied, an estimate of GFR 
adequate for ordinary clinical purposes will be obtained from Ht/P,,, or from the derived formula 
GFR (ml/min per 1-73 m?) = 40Ht/P,,. The accuracy of the prediction is greatest in children with 
reduced function (GFR <80 ml/min per 1:73 m°) and in this group of patients a change of GFR of 
19 ml/min per 1-73 m? or more is reliably detected by this method. We conclude that Ht/Per is a 
clinically useful aid to the estimation of renal function, reducing the need for formal GFR measure- 


ments by at least half. 


The plasma concentration of creatinine (Per) is 
_ known to vary inversely with glomerular filtration 
rate (GFR), and is widely used as a simple index 
of renal function and for detecting changes in GFR 
with time. In healthy children aged over 2 years 
GFR remains constant after correction for body 
surface area, while plasma creatinine rises with age; 
this is due to the changing relationship between 
body mass, and hence creatinine production, and 
surface area, and hence GFR. Tables of normal 
values for P,, in children of different ages have 
been published?-4 and are available for reference. 
However, just as GFR is conventionally normalised 
by standardising for body surface area, it would bea 
great convenience if some means could be found for 
correcting Pe, for variations in body size. Dimen- 
sional analysis of the relationship between creatinine 
production and excretion, on the one hand, and 
increasing body size, on the other, leads to the pre- 
diction that the quantity height divided by Per 
(Ht/P.r) is correlated with corrected GFR; two 
experimental studies® ê have confirmed this predic- 
tion. The present study was designed to define more 
precisely the clinical value of a formula based on 
the above relationship, and to determine its sensi- 
tivity and confidence limits, In addition, the accuracy 
” and reproducibility of an automated reaction rate 
method for laboratory estimation of Pe was 
investigated. 


Patients studied 


Children aged between 2 and 14 years who were 
investigated for possible renal disease at Guy’s 
Hospital between 1976 and 1979 were studied. 
Patients with gross oedema, marked reduction in 
muscle mass, or with rapidly changing renal function 
were excluded. The patients were divided into two 
groups, one of which was used to derive the relation- 
ship between GFR and Ht/P,, (94 children) while 
the other (69 children) was used to test the validity 
and usefulness of the derived relationship. 


Methods 


Height was measured with a Harpenden stadiometer, 
and body surface area was calculated from height 
and weight according to the formula of Haycock 
et al.” GFR was measured by single exponential 
analysis of the plasma disappearance curve of "Cr 
EDTA as described by Chantler and Barratt.® Po 
was estimated by a method which measures the rate 
of generation of colour during incubation of the 
sample with alkaline picrate; a modified LKB 2086 
automatic analyser was used.9 The plasma sample 
was obtained in all cases within 3 days of the GFR 
measurement, and generally at the same time. 
Technically unsatisfactory GFR measurements were 
excluded. If the ratio calculated volume of distribu- 
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tion of EDTA:body weight came outside the limits 
0-2-0-4 the result was also discarded. This exclusion 
was based on analysis of 176 studies in which the 
ratio had a skewed normal distribution about the 
value 30%, with a right hand tail due to patients 
with oedema. Sixteen per cent of all GFRs were thus 
excluded. 

Reproducibility of the LKB P,, method was 
tested by repeated estimation, 13-15 times, of a 
single sample from each of 3 patients. The day-to-day 
variation of Per in individuals with presumably stable 
renal function was tested by collecting 10 venous 
blood samples from each of 19 normal young 
adults during a 30-day period, samples being drawn 
_at 0900 hours after an overnight fast. 

The accuracy with which a measured change in 
GFR can be predicted from a change in Ht/Per was 
examined by analysing the correlation between the 
change in predicted GFR and the change in measured 
GFR in those patients who had two or more GFRs 
below 90ml1/min per 1-73 m?. There were 84 
observations from 32 patients. 


Results 


The pooled coefficient of variation of the laboratory 
method, derived by repeated estimates of the same 
samples, was 2-6%. That obtained by estimating 
repeated samples from the same patients was 4-4 %. 

_ Ht/P., was strongly correlated with GFR (Fig. 1). 
A value of Ht/Per less than 1-5 corresponded to a 
GFR less than 80 ml/min per 1-73 m?, while a value 
greater than 2-1 predicted a GFR greater than 80. 
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Fig. 1 Height/plasma creatinine plotted against GFR. 
The broken lines show that no subject with height] 
creatinine quotients >2-l or <1:5 had a GFR below 
or above 90 ml/min per 1-73 nè. 


_ Thirty children came into the former category and 


20 into the latter, while 44 had Ht/P,, between 1-5 
and 2-1. Inspection of Fig. 1 shows that the scatter 
of points is much wider at values of GFR above 90 
than below, and an even better fit is obtained by 
analysing values obtained from children with GFR 
<90 only (Fig. 2). In this group the relationship 
between: GFR and Ht/P,, is contained in the 
equation: 
GFR (ml/min per 1-:73,m*) = 40x height (cm)/Per 
(umol/I). 

When applied to a different group of children 
in the same range of function, this formula gave a 
reliable prediction of GFR (Fig. 3). 


Height (cm) /creatinine ( ~mol/|) 


r =0:923 
y = 0-0224x +0-1433 
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Fig.2 Height|plasma creatinine plotted against GFR 
in patients with GFR <90 ml/min per 1-73 m’. 
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Fig. 3 Correlation between measured and estimated 
GFR in patients with GFR < 90 ml/min per 1:73 m?. 
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Fig. 4 Relationship between sequential changes in 
measured and predicted GFR. 


Ht/Per >2-1 correctly predicted GFR >80 ml/ 
min per 1-73 mê in 23 of 24 subjects; Ht/Per <1-5 
correctly predicted GFR <80 ml/min per 1-73 m? 
in 12 of 13. 

The correlation between change in measured 
GFR and change in GFR predicted from 40Ht/Per 
is shown in Fig. 4. The correlation coefficient was 
0-828 and the 95% confidence limit for the predic- 
tion was +19 ml/min per 1-73 m?. 


Discussion 


Two difficulties have in the past complicated the use 
of Po, as a direct index of GFR in children. The first 
of these is the fact that, in health, the normal Per in 
small children is so low that the unmodified alkaline 
picrate reaction is seriously interfered with by 
‘non-creatinine chromogens’ in plasma. The Techni- 
con Auto Analyzer’ version of this method can be 
modified to increase sensitivity into the paediatric 
range® but it is still unsatisfactory at very low 
concentrations. Various ‘true’ creatinine methods 
rely on removal of interfering substances by means 
of Fuller’s earth or resin absorption,® but are too 
time-consuming and tedious to be practical in 
routine use. The method used in this study is highly 
reproducible in the laboratory, and measures 
creatinine with great consistency within the same 
subject over a period of time. Extensive experience 
with the method in a large children’s renal service 
has confirmed the impression given by the data 
presented in this paper-—that is, it is a reliable and 
satisfactory technique that can be relied upon to 
reflect GFR sufficiently accurately for most clinical 
purposes. 
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The second difficulty lies in the fact that the mean 
and normal range of values for Per is age and sex 
dependent,’ so that either a whole set of normal 
values must be memorised or some means of 
standardising must be found. The Ht/Per quotient 
has been well documented as a means of doing this? € 
and the data reported here add further support to 
the value of: the formula, as well as defining more 
accurately than before its confidence limits. The 
children on whom this study was based were 
typical of the range of subjects referred to a paedia- 
tric renal clinic and therefore may be taken as 
representative of the type of patients on whom such 
formulae are most likely to be used. If Per is used as 
a means of screening—that is, separating children 
with normal GFR from those which .abnormal 
GFR—then in rather more than half (50/94) this 
will be achieved (Ht/P,, <1:5 or >2-1). In the 
minority—that is, those with Ht/P,, 1-5—2-1—clearly 
this was not achieved and it would seem appropriate 
to submit them to a more accurate GFR measure- 
ment. Since Ht/P,, >2-1 indicates normal function, 
formal GFR measurement would add little of value 
and may safely be omitted from the assessment of 
renal function in children who equal or exceed 
this value. At the other end of the scale, when 
Ht/Per is less than 1-5 which is equivalent to saying 
that GFR is less than 80 ml/min per 1-73 m?, the 
prediction of GFR from 40Ht/P,, is probably good 
enough for normal clinical purposes. Thus, the 
net effect of interpreting Per in this way is to reduce 
the number of clearance or other GFR procedures 
by rather more than half, a very substantial saving 
in time and resources. We feel that those children 
with Ht/Per values between 1-5 and 2-1 warrant 
GFR measurement by a more precise method, since 
it is important to establish whether or not renal 
function is within the normal range. 

If Por is used as a means of following GFR in a 
patient with known renal disease, our data show 
that a change in predicted GFR of 19 ml/min per 
1-73 mê or greater indicates with 95% confidence 
that a real change in renal function has occurred. 
We conclude that the quantity Ht/P,,, and the 
formula 40Ht/P,, derived from it, are of considerable 
value in the assessment of renal function in children, 
provided that the limitations here defined are known 
and respected. This will in part depend on the 
laboratory method used for creatinine determina- 
tion. We have found the reaction rate method to be 
highly satisfactory in this respect. Extrapolating 
from the pooled coefficient of variation for multiple 
samples suggests that a change of about 9% in the 
measured Peo, in a patient whose height has not 
increased in the interval, can be interpreted at the 
95% confidence level as meaning that a greater 
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change in GFR has taken place than can be accoun- 
ted for by normal day-to-day variation. 
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Commentary 


MARTIN BARRATT 


Department of Nephrology, Institute of Child Health, 
London 


Morris ef all and Davies et al? present almost 
identical data, but come to seemingly opposed 
conclusions about the value of plasma creatinine 
(Pe) as an estimate of glomerular filtration rate 
(GFR) in children. The underlying principles need 
to be considered. . 

There is no single test that encompasses all aspects 
_of renal function, but the glomerular filtration rate 
commands the greatest attention for it determines 


the filtered load presented to the renal tubules and 
thus the flexibility of the renal response to homeo- 
static requirements and, in the long run, decline in 
GFR is the principal functional abnormality 
underlying chronic renal failure. 

The GFR has somehow to be viewed in relation to 
the child’s size, and convention decrees that body 
surface area (SA) is the most appropriate reference 
standard as GFR/SA is constant over age 2 years, 
although McCance and Widdowson? made a strong 
case for total body water, this being the domain over 
which the kidney exercises its homeostatic function. 
Tanner* is required reading on the problem of 
per-weight and per-surface area standards, and 
describes situations ‘where investigators had drawn 
positive conclusions not justified by their data, had 
been confused by a seemingly uninterpretable 
phenomenon in their data, had proposed a less 
effective and more biased normal standard in 
preference to a more effective and less biased one, 
had reduced a correlation between two physiological 
functions from a very high to a median value, and 
had invented a new clinical syndrome.’ It does not 
inspire confidence that the best method of estimating 
SA in young children views them as an assembly of 
cylinders and spheres.’ 

The clearance of inulin remains the definitive esti- 
mate of GFR but is technically demanding; creatinine 
clearance exceeds GFR due to tubular secretion and 
is in any case a nuisance as timed urine collections 
are required. The clearance of 51-chromium edetic 
acid @!Cr-EDTA) is virtually equal to that of 
inulin, and a reasonable and convenient estimate of 
GFR can be obtained from the rate of fall of plasma 
concentration after intravenous injection. However, 
analysis of the plasma disappearance on a single 
compartmental model leads to an overestimate of 
GFR owing to the fact that the extracellular fluid is 
not an ideal ‘well-stirred pool’, and there is delay in 
equilibration, necessitating what is known in the 
trade as the ‘Chantler fudge factor’.® It is therefore 
somewhat hazardous to assess other methods of 
estimating GFR by comparing them with the plasma 
clearance of *!Cr-EDTA. 

Transformation of the clearance equation thus: 


Po = U.V/C, 


indicates that the plasma creatinine concentration 
(P.,) is directly proportional to creatinine excretion 
(UcV, and hence production) and inversely pro- 
portional to creatinine clearance (C,, and hence 
GFR), and thus GFR should be predictable from P,, 
if UcV is defined. However, creatinine production 
bears a complicated relationship to height (Ht) and 
weight (Wt).? Theoretical arguments® and empirical 
analysis? indicated that GFR/SA correlated best 


with Ht/P.,. The theoretical arguments are rather 
tenuous, and the relationship between Ht, Poen GFR, 
and SA are best analysed empirically. 

In the two preceding papers both groups observed 
a better prediction of GFR/SA from Ht/P., if the 
GFR was reduced than if it was in the normal 
range: in part this arises from less accurate plasma 
creatinine determinations at lower concentrations 
with a greater proportional contribution from non- 
creatinine chromogens (even with the more specific 
reaction rate analysis), in part it is due to greater 
errors in GFR estimation from the plasma dis- 
appearance of *!Cr-EDTA at high clearances, and in 
part from the habit of looking at life from a linear 
rather than a logarithmic viewpoint, although in fact 
an error in estimate of GFR of 5 ml/min is much 
more significant if the true GFR is 15 ml/min than if 
it is 150 ml/min. 

Davies et al.* are concerned that the relationship 
between GFR/SA and Ht/P,, is not linear, and that 
the correlation is not significant at all if analysis is 
confined to cases with GFR >90 ml/min per 
1-73 m? SA. The correlation coefficient will however 
inevitably be reduced if the analysis is restricted to 
only a segment of the population, but they do have a 
point: it might be better to undertake a multiple 
regression analysis of the relationship between the 
absolute value of GFR on the one hand and Ht, Wt, 
and Pe: on the other without getting caught up in the 
spurious calculations of surface area. Morris et al 
robustly eschew any statistical hesitations and point 
out that if Ht/P., (cm/umol) is <1-5 then GFR can 
be confidently predicted to be normal, whereas if 
>2-1, GFR will be abnormal; approximately the 
same conclusion can be inferred from Fig. 1 of 
Davies et al.* 

Thus the greater convenience of the plasma 
creatinine concentration as an estimate of GFR is 
purchased at the expense of some loss of the precision 
of more rigorous clearance methods, but remains 
much superior to the plasma urea concentration 
which, with its pronounced dependence on metabolic 
and nutritional factors, should now be abandoned as 
a test of renal function. The relationship between 
Ht/P., and GFR/SA will be distorted if there are 
abnormalities of muscle bulk—for example with 
emaciation—and remains to be analysed in the 
neonatal period and around puberty. The 
paediatrician needs to familiarise himself with the 
normal ranges of plasma creatinine concentration in 
childhood (Table), ° ®© and to ensure that his 
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Table 1 Plasma creatinine concentration (mol/l) in 
healthy children* 





Age Girls Boys 
(years) Lienert eas, «  ~ | Paissceinalialaalenluelachiompeietnpsatame bees 
Mean +2 SD Mean +2 SD 

1 31 22—40 36 18-54 

3 37 23-51 40 21-59 

5 40 21-59 44 25-63 

7 47 26—68 48 23-73 

9 48 29-67 52 24-80 
11 53 30-76 55 30-80 
13 55 33-80 60 30-90 
15 39 20-98 67 


Method: Technicon N-1la autoanalyser 
Data from Schwartz et al.9 


chemical pathology laboratory is devoting adequate 
resources to an accurate and specific creatinine 
method. 
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Outcome of meningococcal group B meningitis* 


PETER D MOSS 


SUMMARY Sixty children who survived meningitis during the outbreak of meningococcal group B 
infection in Bolton 1971-74 were assessed between 5 and 9 years later. Each case, together with a 
matched control, has been examined clinically and subjected to a number of psychological tests and 
to routine audiology. The results, unlike those from other series, did not demonstrate any incoordina- 
tion, ataxia, or other physical abnormality, nor was there any statistically significant impairment 
on psychological testing. The incidence of sensorineural deafness (5%), although marginally lower, 
was comparable with the best of other series. When compared with the incidence in controls (3%) 
it is not statistically significant. A ‘mattress test’, suggestive of vestibular damage, was positive in 
those with more severe degrees of sensorineural deafness. The high mortality in the Bolton series 
(17%) has been reconsidered and it is concluded that unless a potent meningococcus type B vaccine 


is developed, mortality would still be high in a similar outbreak today. 


Although there have been several follow-up studies 
of cases of meningitis since the war, these have 
concentrated on aspects such as audiology or 
psychology, rather than being comprehensive. Few 
studies have used controls. 

In the present study 60 children who had meningo- 
coccal meningitis in the Bolton outbreak of 1970-74 
were assessed after an interval of 5-9 years. Three 
types of investigation were done: clinical, audio- 
logical, and psychological. A similar number of 
controls was subjected to exactly the same in- 
vestigations. This was considered essential as possible 
complications of meningitis—such as deafness, 
behavioural problems, and various degrees of 
brain damage—occur for other reasons. 

The Bolton outbreak was reported by Farries et al.) 
There were 82 cases of meningococcal infection 
including 14 (17%) children who died. Seventy-three 
of these children were admitted to one hospital. 
Thirty-three were under age 2 years and all but 6 of 
the others were under 7 years. Meningococci were 
isolated from the cerebrospinal fluid, the blood, or 
both these in 54 cases. No further diagnostic criteria 
were given in the original paper but all the case 
records have been examined (by P D M) to ascertain 
that the 60 cases in the present series are correctly 
included, having regard to the history, the clinical 
findings including the typical rash in many cases, the 
laboratory findings, and the response to treatment. 

Thirty-nine strains of meningococci were tested 


*Carried out on behalf of The Medical Services Study Group 
of the Royal College of Physicians, Albert Street, London. 


and 32 were found to be group B. There were also 
3 group A, 3 group C, and one that was untypable. 
All but two strains, one each group A and C, were 
sulphonamide sensitive. All the group B strains 
were found to be of serotype 2. 

The attack rate in children was high and reached 
184 per 100 000 in the 6- to 11-month age group. 
Thirty-four per cent of family contacts carried the 
organism in the nasopharnyx. Several additional 
cases not included in the original report have been 
found and included in this assessment. 


Material 


At the time .of the illness the children were aged 
between 1 month and 7 years 10 months. There were 
34 boys and 26 girls. Controls were chosen with the, 
help of the head teachers. As far as possible a child 
of the same gender, from the same class, and nearest 
in age to the child with meningitis was chosen. 
In the few instances that this was not possible, the 
next nearest was accepted. Both groups came, with 
very few exceptions, from social classes IV and VY. 
Although this method of selection of controls 4s 
open to criticism, after considerable deliberation 
it was considered the best for this particular in- 
vestigation. Similar controls were used by Redlin 
and von Ungern-Sternberg? in part of their study. 


Method 


Each child was examined clinically (by P D M). The 
accompanying relative (generally the mother) was 
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asked for details of the child’s health before and 
after the illness. He was then weighed and measured 
and the result plotted on Tanner and Whitehead 
0-19 charts. His near and distant vision was assessed 
using Snellen types and a sample of his urine was 
tested. A full clinical examination was then carried 
out, including a standard neurological assessment. 
The fundi were examined but mydriatics were not 
used. Special care was taken to exclude ataxia or 
incoordination. 

All case notes were examined and details of illness, 
treatment, and progress obtained. 


Audiology. Audiological examination was carried out 
on a second visit by a member of the team employed 
in school assessments. Four audiologists used 
standard equipment, commonly a Kamplex machine. 
Tympanograms were done if it was suspected that 
middle-ear disease was interfering with free move- 
ment of the tympanic membrane. Masked bone 
conduction tests were done in those found to be 
deaf. Those at first thought to be defective in hearing 
were reassessed -at a later date, as is the usual 
practice, and some were then regarded as having 
normal hearing. Those children who exhibited 
sensorineural deafness were subjected to a ‘mattress 
test’, as described by Landthaler and Andrieu- 
Guitrancourt,* in order to seek vestibular damage. 
The subject is asked to stand steadily, walk forwards, 
turn, and then walk backwards on a length of thick 
latex foam, first with the eyes open and then blind- 
folded. Being deprived of proprioceptive informa- 
tion from the feet and of vision he is dependent on 
his vestibular apparatus for balance. A count is 
made of losses of balance and lurches. 


Psychological assessments. These were carried out by 
one of four education psychologists. The Wechsler 
intelligence scale for children (revised) (WISC-R) 
was used (omitting the subtest for comprehension), 
and the Burt reading test. These tests cover a wide 
variety of tasks each of which is standardised for age. 
The IQ scores may be directly compared for 
children of different ages and can be related to the 
commonly used Standford-Binet test. 


Statistical methods. The x? test and ‘Fisher's exact 
test were used.* 


Results 


There was no significant difference in the findings on 
clinical examinations between the meningitis and the 
control groups. The distribution curves for both 
height and weight were very similar. In each group 
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there were 4 children with squints. Eight meningitis 
cases had vision worse than 6/9 or N5 compared 
with 10 controls. Thirteen meningitis cases performed 
poorly when taste was tested compared with 19 of 
the controls. One meningitis case demonstrated a 
poor sense of smell compared with 7 controls. There 
was one meningitis case with nystagmus and none in 
the controls. One contro] had a tremor of the hands 
and exaggerated knee jerks. There was no such 
finding in the meningitis group, and no case of 
ataxia or incoordination in either group. Ten of the 
meningitis cases had perfect or nearly perfect teeth 
compared with 12 controls. No abnormality relevant 
to the present work was found in other systems. 


Audiology. The results are set out in Table 1. During 
the history taking each parent was questioned about 
any ear troubles from which her child might have 
suffered. Fourteen of the cases and 17 of the controls 
gave a positive reply. On initial assessment 13 of the 
meningitis group were found to have some hearing 
impairment compared with 7 of the controls. On 
repeat testing this was reduced to 6 (10%) and 4 
(7%) respectively. Bone conduction tests were 
unsuccessful in one control owing to poor co-opera- 
tion. Three (5%) of the meningitic group showed 
sensorineural deafness, all unilateral, as did 2 (3%) 
controls, one of which was unilateral. These children 
were then. asked to perform the mattress test. One 
child in each group showed no unsteadiness. Each 
had only minimal nerve loss. The remaining 2 cases 
and one contro! were unsteady and all had appre- 
ciable sensorineural deafness. 


Psychological testing. Table 2 sets out the average 
scores obtained in psychological tests. In no case is 
the difference of the mean scores significant in 
statistical terms (x? test). In the verbal tests and the 
full-scale IQ test however, there are significant 


Table 1 


Cases 


Cases and controls with hearing loss 


Hearing loss 





1 Unilateral conductive loss maximum 40 dB in low tones 

Minimal unilateral sensorineural loss 

Moderate unilateral sensorineural loss. Maximum air 
50 dB and bone 35 dB ; ; 

Minimal unilateral conductive loss : 

Unilateral sensorineural loss. Maximum air 50 dB and 
bone 60 dB 

Unilateral conductive loss. Maximum 55 dB 


wh 


Unilateral conductive loss. Maximum 45 dB in iow tones 

Unilateral conductive loss. Maximum 50 dB in high tones 

Bilateral loss, probably sensorineural. Bone conductive 
tests impracticable. Maximum loss right 50 dB, left 
45 dB, 

4 Unilateral minimal sensorineural loss 
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Table 2 Results of psychological assessments 





Average scores 


Controls 


Cases Statistical result 

Verbal-tests 

(WISC-R) 
Information 8-4 8-1 NS Variances differ 
Similarities 8-6 8.9 NS Variances differ 
Arithmetic 9.9 9.8 NS Variances differ 
Vocabulary 8.9 9.0 NS Variances differ 
Digital span 8-7 8-7 NS 
Verbal test IQ 93-0 93-5 NS Variances differ 
Performance tests 

(WISC-R) 
Picture completion 10-0 9.2 NS 
Biock design 9.8 10-2 NS 
Object assembly 9-8 10-4 NS 
Coding 8-5 8:6 NS 
Performance scale IQ 96-0 98-2 NS 
Full-scale IQ 94.0 95.1 NS Variances differ 
Burt reading test 
Chronological age 

(mean) 10-9 10-7 NS 
Reading age (mean) 9-9 10-0 NS 
Reading quotient 

(mean) 93-0 93.2 NS 


NS = not significant. 


differences between the variances in distribution 
between cases and controls. 


Cross analyses. The following additional analyses 
were done comparing each with (1) hearing defect, 
and (2) psychological tests (Table 2). 

(a) The severity of the illness as judged by the 
presence of marked drowsiness, unconsciousness, 
or convulsions. 

(b) The duration of the fever. (c) The recurrence of 
fever. 

(d) Underweight. (e) Overweight. 

(f) Short stature. (g) Tall stature. 

(h) The possible ill effects of each of the following 
drugs: sulphadiazine, streptomycin, kanamycin, 
and chloramphenicol. 

(i) The duration of the illness of more than one day 
before admission to hospital, and (j) before being 
given any treatment. 

In each calculation Fisher's exact test was used 
for hearing and the yx? for psychological tests. No 
positive correlations were found. 


Discussion 


The outcome in meningitis depends on a number of 
variable factors. Among these are the causative 
organisms, the age of the patient, the medical era 
when it occurs, the type of community, the general 
level of nutrition and child health, and the efficiency 
of the medical services. 

Bolton is a northern industrial town. In the early 
1970s, at the time that these meningitis cases were 


occurring, most of the housing dated from the 
industrial revolution. There is no reason to believe 
that medical care was either particularly good or 
especially bad. The infant mortality rate in 1970 in 
the old county borough of Bolton (population 
152 000) was 22-12. In 1980 in the new Bolton Health 
Authority area (population 260200) the infant 
mortality rate was 12-00. The corresponding figures 
for England and Wales were 18-00 and 12-00 
respectively. The immigrant population was low 
and the series contained only one child from the 
Indian subcontinent. Social Classes IV and V were 
the ones to be affected. The carrier rate for meningitis 
group B was high (34%) among families of cases. 
The death rate was high (17%), and the children 
who succumbed were all aged under 2 years. It is 
reasonable to suppose that had they been in better 
general health they might have been better able to 
withstand the infection. 

It is noteworthy that the amount of morbidity 
in survivors is very little. There was nothing at all 
to pick out on general examination and there is only 
a small excess of hearing loss in the meningitis cases 
compared with controls. f 

Similarly psychological testing showed no se- 
quelae that could clearly be attributed to meningitis. 
The worst that could be said was that there might 
be a ‘tendency towards’ lower performance and 
lower IQ without it being in any way statistically 
significant compared with controls. 

There are few postwar papers that deal generally 
with the long-term ill effects of meningitis. Grove 
and Fox® dealt with meningococcal meningitis 
and found that a number of minor sequelae—such as 
headaches, muscle, and joint pains—frequently 
persisted for more than a year. Sproles eż al. found 
that 10% of 40 cases of Haemophilus influenzae 
meningitis were severely brain damaged, that 
27-5% had clear residual handicap, and only 
45% completely recovered. Alon et al.” found that 
15 of 72 cases of ‘septic meningitis’ had major neuro- 
logical sequelae and that 19 of 72 cases had minimal 
brain damage. 

Fitzhardinge et al.8 studied 18 survivors of neo- 
natal meningitis and found that only 2 had physical 
disabilities: one exaggerated reflexes and one 
hypotonia. Landthaler and Andrieu-Guitrancourt® 
studied 53 cases of meningitis of various types and 
found that 9 cases were ataxic and had hearing 
defects. In none of these studies was a control group 
used, 

In the present series there was no significant 
higher incidence of any physical disability compared 
with controls. In particular there was no ataxia as 
described by some authors. 


The incidence of hearing loss after meningitis 
varies greatly in different reports. There are four 
series dealing with meningococcal cases. Grove and 
Fox found deafness in 12-3% of cases. Teng Yuan- 
Ch’Eng et al.’ reviewed 337 cases of deafness after 
meningococcal meningitis and found it to be bi- 
lateral in 95%. Habib et al.1° reviewed 775 cases and 
found 45 (5-8%) to have impaired hearing. Of these 
it was complete in 18 and partial in 26. Trolle,” 
finding a similar incidence, found that most cases 
were sensorineural in type. Controls were not used 
in any of these series. 

In two studies of H. influenzae meningitis the inci- 
dence is higher. Svenungsson eż al.!? found hearing 
loss in 23 % and Rosenhall et al.13 found hearing loss 
in 18-1%. 

Other series deal with groups of meningitis caused 
by various bacteria. Keane et al.** found 6% to be 
deaf. Nadol® reported an incidence of 21% in 
110 cases, yet Fitzhardinge eż al.8 did not find any 
hearing loss in 37 cases of neonatal meningitis. Redlin 
and von Ungern-Sternberg* used controls with 25 
cases of purulent meningitis and found 7 cases of 
hearing loss in the cases and 3 in the controls. 

In the present series the incidence of hearing loss 
is 10% in the meningitis cases and 7% in the 
controls. Half of these were sensorineural in type 
in both groups, the incidence therefore being 5% 


and 3% respectively. In one case and one control . 


the nerve loss was slight, and in 2 cases and one 
control it was significant. The figures are somewhat 
lower than in the various series quoted, but as they 
are controlled they probably reflect more correctly 
the true incidence. It suggests that deafness is not 
common as a sequel to meningococcal meningitis 
which is adequately treated and that the incidence is 
lower than in other forms of bacterial meningitis. 
Streptomycin had not been used in the treatment in 
any child with hearing loss in this series. 

` The mattress test by itself cannot be accepted as 
indicating vestibular damage. This would require 
additional specific tests. It was positive in this series 
only in those with more severe degrees of sensori- 
neural deafness, although in 2 out of the 3 it was 
unilateral. In the control child it was bilateral but 
there were indications of other neurological damage 
which probably occurred at birth. It suggests that 
cases of sensorineural deafness after meningitis 
should in future be investigated for vestibular 
damage also. 

As with other sequelae of meningitis there is a 
wide divergence in the findings of different workers 
when considering psychological problems. In con- 
trast with other workers, psychologists usually used 
controls, Unfortunately, none followed up cases of 
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meningococcal infection alone. There are one or two 
studies of H. influenzae meningitis but all others 
are of groups of cases of meningitis of various 
aetiology. Sproles and Azerrad® studied 40 children 
who had suffered from H, influenzae meningitis and 
found that problems persisted in 27-59%. These were 
mild depression of IQ, poor school performance, 
slight brain damage, or behavioural problems. Sell 
et al® used controls when studying ‘bacterial!’ 
meningitis cases. In one group of 21 children they 
used siblings as controls and WISC tests were 
performed. The mean IQ in the cases was 86 and in 
the controls it was 97. In a second series they used 
children “considered to be normal’ as controls and a 
different series of tests. They concluded that all the 
indications were that the meningitic group functioned 
at significantly lower levels than the controls al- 
though the figures were not statistically significant. 
Redlin and von Ungern-Sternberg? also studied 25 
cases of purulent meningitis and 25 controls. They 
found that the IQ was within the normal range but 
showed some disabilities in perception, oculo-motor 
control, alertness, and reflex response. These results 
were not statistically significant. Alon et al.’ studied 
septic meningitis cases and found that 19 out of 72 
suffered from minimal brain damage. Controls were 
not used. Fitzhardinge et al.® studied 18 cases after 
neonatal meningitis. The mean IQ was 90 which is 
within the normal range, but they considered that 
there was a tendency towards lower average in- 
telligence after neonatal meningitis. There was no 
difference between the results of verbal and per- 
formance tests in the WISC series that might 
indicate ‘minimal brain damage’ but there was a 
tendency to disturbances of expression and to speech 
problems. Controls were not used. l 


In the present series there was no difference 
which was statistically significant between the cases 


and controls in the scores obtained on WISC-R tests 


and Burt reading tests. It is noted however, that in 
the performance scale there is a 2-2 points difference 
in the mean scores in favour of controls. In the full- 
scale IQ the difference is 1-2 points in favour of 
controls. This might be construed as a ‘tendency 
towards’ lower performance and lower IQ. Although 
there were no significant differences in means, scores 
in the individual subtests—information, similarities, 
vocabulary verbal IQ, and full-scale 1Q—there 
were significant differences in the frequency 
polygons. These differences tended to indicate that 
the controls scored more often in the middle range. 
A difference between scoring in the performance 
group and the verbal group of tests is often taken ‘as 
one pointer towards minimal brain damage. The 
mean scores in these two groups in our series were 
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almost exactly the same: 11-2 and 11-5 respectively. 
Other criteria commonly considered are perceptual 
difficulties and poor motor-visual coordination, 
scatter on WISC subtests, and differences in IQ. 
There was no clear evidence for these in the present 
series from the tests employed. Some other workers 
have resorted to more complicated tests, although 
generally they have not produced results which are 
statistically significant. 

Taken as a whole the investigation shows a 
remarkable lack of serious sequelae after meningo- 
coccal meningitis. There is no physical abnormality 
of note and only a slightly lower level of hearing loss 
than in the controls. There is probably some 
vestibular damage associated with sensorineural 
deafness if it is more than minimal. Psychological 
problems at the very worst can only be put as a 
slight tendency towards lower scores on the per- 
formance scale and in full IQ. They are very far 
from being statistically significant. 

It is apparent that in this outbreak treatment was 
prompt and efficient, aided by early diagnosis by 
general practitioners. This was probably assisted by 
a high level of awareness as the number of cases 
increased in the outbreak. It may be thought that 
the low incidence of residual disease was in part due 
to a large number of deaths having eliminated the 
most serious cases. This was not so because only 
one of the 14 deaths in the outbreak of meningo- 
coccal infections was due to meningitis and the 
child was dead on arrival at hospital. The others 
were attributed to septicaemia with adrenal haemorr- 
hage. Virtually all the cases of meningitis who 
survived and those now at school have very little 
residual handicap. 

It is perhaps fortunate that it was the meningo- 
coccus which was the organism endemic in Bolton 
rather than one of the other bacteria that can cause 
meningitis. As can be inferred from the review of the 
literature the morbidity, although perhaps not the 
mortality, tends to be appreciably worse in the other 
types of meningitis infection. The outcome with 
modern treatment is usually better than it was 30 to 
40 years ago, but that is not always so. It depends on 
the part of the world in which it occurs and the 
quality of the medical services. As recently as 1979, 
Alon ef al.’ reported 15 of 72 cases of ‘septic 
meningitis’ with major neurological sequelae. Yet in 
1974 in Toronto Fitzhardinge et al.8 found practically 
no serious sequelae in 18 cases of neonatal meningitis 
of various types. Even between 30 and 40 years ago 
the results could be good, as in the series reported by 
Trolle! from Sweden in 1950. 

The cross tabulation studies gave no positiv 
information. i 

The mortality in the Bolton 1971-74 outbreak of 


meningococcal type B infection was high (17%). 
Could we do better today? Only one death was due 
to meningitis. All the others were due to septi- 
caemia with adrenal haemorrhage and death was 
quick. The age range was 6 weeks to 2 years. None 
was from a household with a recognised meningo- 
coccal infection and all were from social classes 1V 
or V. They occurred during a period of nearly 34 
years. Bolton was not isolated in an epidemiological 
sense as neighbouring towns in this densely popu- 
lated part of the north west were also experiencing a 
higher than normal incidence of meningococcal 
type B infection. Doubtless some limited benefit 
would already be apparent as a result of better 
general health, better housing, and a reduction in 
overcrowding, but something producing more 
immediate results is required. Chemoprophylaxis 
in the circumstances cited would be both difficult to 
apply and expensive although it could reduce the 
incidence of infection. Vaccination in type A and C 
outbreaks has been used successfully in Nigeria on 
children aged between 5 and 15 years.” All the 
Bolton children who died were much younger. 
There is unfortunately, no type B vaccine yet 
available and until such time as it is successfully 
developed it is difficult to foresee much lowering of 
mortality in an outbreak of the Bolton type. Even 
when it becomes available it will have to be used 
selectively, with booster dosage in the very young 
and with chemoprophylaxis to cover the period up 
to the time immunity has developed."® 


We thank Sir Cyril Clarke, Dr George Whitfield, 
and Dr J S Farries for constructive criticism. 
The Bolton Education Authority and the following 
staff members of the Bolton Area Health Authority 
helped with work in the field: Dr J S Farries, 
community physician; Mrs D Allen, Mrs O Hart, 
Mrs J Edmundson, and Mrs W Reece, audiologists; 
most of the health visitors and school nurses; 
Messrs G Williams, J Ashbrook, Y Aplin, and 
D Fergusson, education psychologists; the head 
teachers of most Bolton schools; Mrs J I Danson, 
typist; Mrs J Howarth, secretary. The statistical 
analyses were done in the Department of Statistics 
of the North Western Regional Health Authority 
by Mr K W Johnson and Miss L M Halsall. David 
Jakubovic translated French and German papers. 
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Hypothyroidism and growth failure in diabetes 


mellitus 


S COURT AND J M PARKIN 


Department of Child Health, Royal Victoria Infirmary, Newcastle upon Tyne 


SUMMARY The prevalence of thyroid disease in 134 children, adolescents, and young adults with 
diabetes mellitus beginning in childhood is described. Clustering of a family history of thyroid 
disease and the presence of thyrogastric antibodies in some patients supports the concept of familial 
autoimmunity. In 4 children a diagnosis of hypothyroidism had already been made, one of whom 
had shown marked faltering of growth. In a further 3 there was evidence of previously unrecognised 
subclinical hypothyroidism but the growth of 2 of them had been good. The findings of this 
study indicate that while subclinical hypothyroidism should be considered in a diabetic whose 
growth is faltering, it is rarely a cause of such growth failure. 


There is an association between diabetes mellitus 
and autoimmune thyroid disease; often thyroid 
antibodies are present in diabetic patients!” and 
carbohydrate intolerance has been shown in 
children with autoimmune thyroiditis.2 Recent 
evidence suggests that autoimmunity is of aetio- 
logical importance in a subgroup of juvenile 
diabetics in which antibodies are present both in 
the patients and their families.4 It has therefore been 
advocated that thyroid antibody studies should 
form part of the initial investigation of diabetics.? 5 
Poor growth velocity is common in children with 
diabetes,” and as this is particularly the case if 
diabetic control is poor it is generally attributed to 
the metabolic disturbance of the disease. In this 
paper we explore the*possible role of subclinical 
hypothyroidism as a cause of the growth retardation. 


Patients and methods 


One hundred and thirty-four children and young 
adults (70 male, 64 female) from diabetic clinics in 
the Northern Health Region were studied. Each had 
developed diabetes before puberty, was less than 20 
years of age, and had been under regular review for 
at least 2 years. 

Standard haemagglutination and immunofliuor- 
escence methods were used to demonstrate the 
presence of thyroid globulin, thyroid microsomal, 
and gastric parietal cell antibodies. A minimum 
titre of 1:20 for thyroid globulin and 1:100 for 
thyroid microsomal antibodies was accepted as 
positive, parietal cell antibodies being reported as 


either present or absent. Thyroid function was 
assessed by measuring the serum level of thyroid 
stimulating hormone (TSH) by radioimmunoassay. 
The bone age was estimated using the 20 bone 
method of Tanner eż al.8 Quality of growth was 
determined by change in height standard deviation 
(SD) score during the whole of the child’s diabetic 
life where height SD score= X— X/SD. 


X= child’s height 
X¥,SD= mean and standard devi- 
ation appropriate for age 
and sex.® 


On the basis of this measurement growth was 
categorised as good if the change was positive, fair 
if it was less than —0O-5, poor if it was between 
—0-5 and —1, and very poor if the change in SD 
score was greater than —{1. 


Results 


The details of 4 children with previously recognised 
hypothyroidism are presented in Table 1. One child 
(Case 2), with a strong family history of goitre, had 
an ectopic gland confirmed by isotope scan. Cases 3 
and 4 were siblings. The brother had developed 
classical symptoms of diabetes mellitus 2 weeks 
after his sister had been shown to have both diabetes 
mellitus and autoimmune thyroiditis. His growth 
velocity was slow during the 2 years after diagnosis 
despite advance in puberty (Fig. 1). He was then 
recognised as having hypothyroidism (TSH 22-7 
mU/l) and when thyroxine was started he began to 
grow normally. 
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Growth 
Good 
Fair 

Very poor 


Poor 


Bone age 
retardation 
(years) 


thyroglobulin positive, 
gastric parietal cell negative 


and gastric parietal 


cell positive 
Thyroglobulin negative, 
gastric parietal cell 
and gastric parietal 
cell positive 
Microsomal and 


positive 
Microsomal, thyroglobulin, 


Microsomal, thyroglobulin, 


Thyroid antibodies 


Family history of 
2nd-degree relative 
Ist-degree relative 
2nd-degree relative 
2nd-degree relative 
ist-degree relative 
lst-degree relative 


thyroid disease 


-l 


1 


Thyroid disease 
diagnosed 
9-6 


4.5 
14.5 


Age (years) at which 
Diabetes mellitus 


diagnosed 
1-2 


Age 
(years) 
3-2 


Sex 


Autoimmune 
thyroiditis 
‘Ectopic’ 
thyroid 
Autoimmune 
thydroiditis 
thyroiditis 


Diagnosis 


Table 1 Juvenile diabetes mellitus patients with previously recognised thyroid disease 
‘ Autoimmune 


Case 
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7 
180 Standing height i 


səy2u] 


Thyroxine 150 ug 


Onset of DM 





9 10 11 2 13 1 1 16 = 17 18 
Age (years) 


Fig. 1 Growth pattern in a diabetic boy with 
hypothyroidism now under treatment. 


A positive family history of thyroid disease was 
found in 25 (18-5%) of the 134 patients: a first- 
degree relative in 8, and a second-degree relative in 
17. Thyroid antibodies were present in 17 (13%) 
children, an incidence similar to that reported both 
by Landing et al? and Riley et al5 Twenty-two 
(16%) children had either parietal cell antibodies or 
thyroid antibodies, 5 having both, an incidence 
comparable with that found by Bottazzo et al.* 

Both thyrogastric antibody status and HLA types 
were known in 121 children; of the 22 children with 
thyrogastric antibodies 10 (45%) were HLA B8 
positive while of the remaining 99 patients, in whom 
thyrogastric antibodies were not present, 46 (46%) 
were HLA B8 positive. 

Among the 25 children with a positive family 
history of thyroid disease thyrogastric antibodies 
were present in 9 (36%), while in those with no such 
family history thyrogastric antibodies were present 


Table 2 ZThyrogastric antibodies in relation to growth 


(n = 126) 

Growth Thyrogastric antibodies 
Positive (1=22) Negative (n=104) 
No (%) No (%) 

Good 8 (36) . 22 (21) 

Fair 3 (14) 28 (27) 

Poor 6 (27) 20 (19) 


Very poor 5 (23) 34 (33) 
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Table 3 Juvenile diabetes mellitus patients with thyroid stimulating hormone >7 mU[I 








Case Sex Age Age at which TSH Thyroid Family history Bone age Growth 
(years) diabetes mellitus (mUD antibodies retardation 
diagnosed (years) 
1 F 9.0 1-2 13.7 Positive 2nd-degree relative <-i Good 
2 M 10-0 4.1 7-0 Negative Negative -1:5 Very poor 
3 F 13-4 11-3 8-2 Positive Negative -1-2 Good 
4 F 13-3 7.0 T4 Negative Negative -1-7 Very poor 
5 F 17-8 4.5 10-6 Positive 2nd-degree relative -2.5 Very poor 
6 M 19-9 1-8 7-4 Negative Negative Adult Fair 
and Professor R Hall for advice and technical 
support. 
S C was supported by a grant from the Research 
S Committee of the Newcastle upon Tyne Area 
z Health Authority (Teaching). 
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Fig.2 Serum TSH levels in 124 diabetic children. 


in only 13 (12%). The incidence of poor growth was 
no greater in those with thyrogastric antibodies 
(Table 2). 

The serum TSH levels in 124 patients are shown 
in Fig. 2. Eight children had levels of 7 mU/I or 
more, the accepted upper limit of normal,™ and 2 of 
these were already known to have thyroid disease. 
Details of the remaining 6 are given in Table 3. 
Three children (Cases 1, 3, and 5) who had positive 
thyroid antibodies and levels of TSH greater than 
8 mU/l] may be regarded as having subclinical 
autoimmune hypothyroidism. The two youngest 
(Cases 1 and 3) had grown well throughout their 
diabetic life and their growth rate during the year 
before the study had been 7 and 8-2 cm. In Case 3 
this was associated with the onset of puberty. 
Case 5 was too old for recent growth data to be 
relevant. 
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Short reports 


Can acetate replace bicarbonate in oral rehydration solution for 


infantile diarrhoea? — 


F C PATRA, D MAHALANABIS, K N JALAN, A SEN, AND P BANERJEE 
Kothari Centre of Gastroenterology, Calcutta Medical Research Institute, NRS Medical College and 


Hospital, Caicutta, India 


SUMMARY In a double-blind trial two groups of 20 
infants and young children suffering from diarrhoeal 
dehydration and acidosis were successfully treated 
with an acetate and a bicarbonate containing oral 
rehydration solution. The former was found to be 
as effective as the latter and was equally acceptable 
to the patient. 


Most oral rehydration programmes use a single 
glucose electrolyte solution to treat diarrhoea.+ 
Sodium bicarbonate is a useful constituent of oral 
rehydration solution for correcting acidosis. How- 
ever, bicarbonate reacts with glucose to form 
furfural compounds leading to brown discoloration 
and a short shelf life in prepackaged oral rehydration 
formulations. This is a serious constraint so it is 
important to find an alternative. 


Patients and methods 


Forty young children, 20 in each group, with history 
of acute watery diarrhoea and signs of moderate 
to severe dehydration® were studied in a double- 
blind trial. Each child was weighed and randomly 
assigned to one of two treatment groups. Clinical 
features and nutritional status are given in Table 1. 
Although the children in the control group were 
younger, had been vomiting for longer, and had had 
diarrhoea for longer, these differences were not 
statistically significant. 

Children in the acetate group were given an 
oral solution containing sodium 90 mmol/], potas- 
sium 20 mmol/l, chloride 80 mmol/l, acetate 30 
mmol/l, and glucose 111 mmol/l]. Children in the 
control group were given the formula recommended 
by the WHO which contains 30 mmol/l bicarbonate 
and no acetate; in all other respects it was the same. 
Patients presenting with signs of hypovolaemic 
shock (5 in acetate group and 9 in control) were 
given intravenous Ringer’s lactate for between 1 and 


Table 1 Presenting feature, nutritional status, and 
aetiological agents 


Acetate Control 
group group 
(n=20) (n==20) 
Age (month) 21-0 14-5 
Median and range (4- 5-60) (2. 572) ” 
Sex M:F 11:9 12:8 
Mean duration (hours) of diarrhoea 
before admission (4-SE) 17-843-6 26-54.5-5 
Mean duration of vomiting 
Chours) -+- SE 11-542-9 14-242-9 
History of anuria (>6 hours) 9 i} 
Weight on recovery for age as 
% of Harvard median 
> 80% (normal) 1 4 
70-79 % 3 4 
60-69 % 9 7 
<60% 7 5 
Enteropathogens 
V. cholerae 4 5 
Enterotoxigenic E. coli 12 10 
Heat labile and heat stable 6 6 
Heat labile 3 1 
Heat stable 3 3 
Rotavirus i 6 
Combined infections 
y. cholerae + enterotoxigenic E. coli 2 1 
Rotavirus+ enterotoxigenic E. coli i 3 
Total number in whom one or more 
pathogen detected 17 (5%) 


14 (70%) 


2 hours (average dose 42 and 39 ml/kg respec- 
tively). Each patient was given oral tetracycline.* 

Mothers were encouraged to feed the rehydration 
solution ad lib by cup and spoon or directly from a 
cup. Rehydration solution intake and stool output 
were measured. Breast feeding (47% were breast 
fed) was allowed from the beginning and both 
bottle- and breast-fed babies were offered dilute 
milk with added rice cereal while older children were 
offered solids within 8 to 24 hours of starting treat- 
ment. Plain water was offered with the food. 


Laboratory investigations. Blood samples were 
analysed for haematocrit, plasma specific gravity, 
serum sodium, and potassium (by methods previously 
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described), plasma CO, (by Natelson’s micro 
gasometer), and chloride (by Buchler-Cotlove 
chloridometer), at the time of admission and at 6, 
24, and 72 hours. Stool samples were cultured for 
Vibrio cholerae, enterotoxigenic Escherichia coli, 
Salmonella sp. and Shigella sp. E. coli colonies were 
tested for heat-labile and heat-stable enterotoxins.5 ® 
Rotavirus antigen was detected in the stool by 
ELISA technique.’ Statistical analysis was done 
using Student’s ¢ test. 


Results 


Enteropathogens could be isolated from nearly 78% 
of the patients (Table 1). All patients were success- 
fully rehydrated orally (Tables 2 and 3). With the 
exception of one, all the patients were clinically 
cured as judged by passage of formed stool by 72 
hours, the mean (+ SE) duration of diarrhoea 
being 42-7 (+ 3-4) hours in the acetate and 45-3 
(+ 6-2) hours in the control group. The only child 
(heat-labile enterotoxigenic Æ, coli) who still had diar- 
rhoea on day 5 was in the control group. The oral 


Table 2 Clinical course, weight gain, oral rehydration 
solution intake, and stool output during therapy 








Acetate Controi 
group group 
(n= 20) (n=20) 
Vomiting after admission 
Total number vomited 15 8 
First urine voided within 24 hours 20 20 
Mean weight gain (% over 
recovery weight -+ SE) 
6 hours 4-740-6 4-240-5 
24 hours $-340-8 6-8+0-6 
48 hours 9-640-9 7640-6 
72 hours 10-64+0-9 8-7+0-6 
Purging rate ml/kg (mean-+SE) 
First 24 hours 142+17 171 4-24 
Total 223-455 285 +78 
Oral rehydration solution intake 
mij/kg (mean+SE) 
First 6 hours 1384-10 141-414 
First 24 hours 296428 293 4-28 
Total 4013-50 4744-78 


rehydration solution intake and stool output were 
comparable (Table 2). Early feeding was well 
accepted and tolerated.® 

Two patients in the control group and 5 in the 
acetate group developed puffiness of eye lids, some 
with swelling of the legs. But none had hyper- 
natraemia and all recovered. There was no signi- 
ficant difference between the two groups in the rise 
of plasma CO, at 6, 24, 72 hours (Table 3). The 
serum potassium and chloride values were normal. 


Discussion 


This study shows that acetate is as effective as 
bicarbonate in the correction of dehydration and 
acidosis caused by acute diarrhoea. Oral rehydration 
solution containing acetate is weil tolerated and the 
child accepted it as willingly as the solution con- 
taining bicarbonate. The increase tn cost of packets 
for replacing bicarbonate with acetate is slight and 
the longer shelf life, ease of packaging and tablet 
making should more than compensate for it. It is 
thought that brown discoloration and the formation 
of furfural compounds in oral rehydration con- 
taining bicarbonate salt packets do not substantially 
compromise efficacy but the patient is less willing 
to take it. 


We thank Dr P K Talukdar, Dr S Roychoudhury, 
Dr M I Hug, and Dr W B Greenough, IM, for 
assistance. 
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Amniocentesis and fetal lung development 


H VYAS, A D MILNER, AND I E HOPKIN 


Department of Neonatal Medicine and Surgery, City Hospital, Nottingham 


SUMMARY The crying vital capacity was measured 
in 10 healthy, term babies after amniocentesis during 
pregnancy, and in 10 control babies after normal 
pregnancies. The mean ratio of crying vital capacity 
to body weight was significantly lower after amnio- 
centesis. This may be caused by the alteration in the 
lung fluid volume and the diminished intrauterine 
respiratory movements. 


Oligohydramnios secondary to lack of urine pro- 
duction is thought to be responsible for lung hypo- 
plasia in Potter’s syndrome. Perlman et al. however, 
have reported similar effects on lung growth resulting 
from chronic leakage of amniotic fluid, not related 
to renal agenesis. The use of amniocentesis per- 
formed for antenatal diagnosis of genetic or neural 
tube defects has become common. This is generally 
carried out in the midtrimester. The volume of 
amniotic fluid at 16 weeks is estimated to be between 
130 and 170 ml. No:ill effects on the fetus have been 
observed with removal of between 20 and 45 ml of 
amniotic fluid at 16 weeks, but the procedure 
produces a pronounced alteration in the fetal 
movements and a significant decline in the fetal 
breathing at 24 and 48 hours after amniocentesis.” 
Studies on animals have shown that amniocentesis 
performed in the early fetal period can cause lung 
hypoplasia.* The British study in 19784 showed a 1% 
increase in severe, unexplained, respiratory distress 
at birth after amniocentesis, being particularly 
pronounced between 34 and 37 weeks’ gestation. 
‘The corresponding American study also revealed 
this, although the figures were not statistically 
significant. We therefore decided to study healthy, 


term neonates delivered to mothers subjected to 
amniocentesis to assess its effect on lung growth. 


Method 


A face mask attached to a pneumotachograph was 
used for measuring the crying vital capacity. The rim 
of the rubber mask was coated with soft paraffin to 
prevent leaks. It was placed over the baby’s face 
enclosing the nose and the mouth. The baby was 
then stimulated to cry, into the face mask, by flicking 
the soles of its feet. 

The flow signals were transmitted to a differential 
transducer and recorded on to a 4-channel FM 
recorder. A total of four to five bursts of crying was 
recorded. Volume was obtained by electronic 
integration of flow signals. At the end of the investi- 
gation volume was calibrated by injecting a known 
volume of air across the pneumotachograph, using a 
syringe. The output of the tape recorder was fed to 
an oscillograph and the record was obtained on 
ultraviolet-sensitive paper. The whole record was 
examined for the maximal deflection in a single cry 
and this was designated the crying vital capacity. 
Chest circumference was measured at the level of the 
nipple at the end of quiet expiration. 


Subjects 


We studied 10 healthy, term babies whose mothers 
had been subjected to amniocentesis. Six mothers 
had had amniocentesis carried out because of raised 
maternal serum alpha-fetoprotein levels noted on 
routine screening. The remaining 4 had been offered 
amniocentesis because of their age, 35 years or older. 
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Table Clinical details and results 





Group Gestation Birthweight Chest circumference Age ai test Crying vital capacity] C¥YCICC 
(veeks) (kz) (cm) (hours) birthweight Gnifkg) nijem) 
Vaginal (n= 10) 
Mean 39-3 3-11 31-8 54-6 31-3** 3-03 
Median 40-0 3-10 32-1 54.8 31-4 3-02 
Amniocentesis (n= 10) 
Mean 39-5 3-49 31-4 65.7 27 -3** 3-01 
Median 40-0 3-4} 31-0 55-0 27-0 3-07 





CVC = crying vital capacity, CC = chest circumference. 
*#P <0-05, 


Amniocentesis was performed at between 15 anc 24 
weeks. All the babies had been delivered vaginally 
and none had required resuscitation at birth. None 
had any evidence of respiratory problems after 
delivery. For our control group we studied 10 babies 
also delivered vaginally who had been well since 
delivery. All babies were studied between 2 and 5 
days of age by which time lung fluid absorption had 
occurred and thoracic gas volume stabilised. A 
verbal consent was obtained from the parents before 
the investigations. 


Results 


The clinical details of the two groups are shown in 
the Table. The mean gestational age, birthweight, 
and chest circumference were not significantly 
different. 

The crying vital capacity calculated in terms of 
body weight (kg) was 27-3-+3-96 in the index group 
compared with 31-34-52 ml/kg in the controls. 
These results were significantly different (P < 0-05). 
The crying vital capacity : chest circumference ratio 
was Virtually identical in the two groups. 


Discussion 


Crying vital capacity has been shown to be both 
rapid and reproducible as a measure of lung volume, 
similar to the vital capacity in the older child. 
Chiswick and Milner? noted lower crying vital 
capacities in babies with hyaline membrane disease 
and transient tachypnoea of the newborn. In both 
conditions there is a loss in functional residual 
capacity. We thus felt justified to use crying vital 
capacity as an index of lung volume as it is likely to 
provide a more sensitive index of lung growth than 
thoracic gas volume. 

Our preliminary findings suggest that there is a 
diminished crying vital capacity in infants born 
to mothers subjected to amniocentesis. The implica- 
tion of this finding is that the lung volume may be 
reduced as a result of amniocentesis. Studies on 
experimental animals have shown that both lung 
liquid secretion® and intrauterine breathing’ are 


responsible for lung growth. Amniocentesis may 
alter both these factors and thus reduce lung size. 
Drainage of lung fluid may ensue on reduction of 
amniotic fluid volume causing peripheral lung units 
to collapse leading to failure of normal growth. In 
Alcorn’s fetal lambs® drainage of lung liquid 
resulted in reduction of lung tissue growth. Wiggles- 
worth and Desai® have suggested that intrauterine 
breathing may influence development of the acinus 
by controlling the volume of liquid retained within 
the lungs. Amniocentesis reduces fetal breathing for 
up to 48 hours. Both these factors may influence lung 
development at a time when proliferation of lung 
cell is at its maximum, resulting in diminished 
growth. 

These are preliminary results and further work is 
needed to confirm the findings. 
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A regional paediatric rheumatology service 


A W CRAFT AND M HALL 


Department of Child Health and Department of Rheumatology, Royal Victoria Infirmary, Newcastle upon Tyne 


SUMMARY A paediatric rheumatology clinic has 
been established in Newcastle since 1974, and 160 
children had been referred to it by the end of 1980. 
The proportion of patients in each disease category is 
similar to that at the national centre at Taplow 
although far fewer patients with a positive anti- 
nuclear antibody test and fewer cases of chronic 
uveitus are seen. The importance of combining the 
skills of several disciplines is stressed. 


For many years the unit at the Canadian Red Cross 
Memorial Hospital at Taplow has provided a 
supraregional service for children with rheumatic 
disorders and much of the basic work of classifying 
different disease entities and of developing and 
evaluating treatment techniques has been done 
there. The unit at Taplow is soon to close and it has 
been recommended! that the work should be 
continued regionally, so some regions are establish- 
ing their own units. One such unit in Newcastle 
upon Tyne was established in 1974 by a rheumato- 
logist and a paediatrician, and we report the work 
there during its first 6 years. Throughout this paper 
we use the diagnostic criteria for juvenile chronic 
arthritis (JCA) and disease categories as defined by 
the European League Against Rheumatism,? clari- 
fied by Ansell in her Heberden oration.® In addition 
we include patients with juvenile rheumatoid 
arthritis (JRA)—that is Rose Waaler positive, 
juvenile onset ankylosing spondylitis, and psoriatic 
arthritis. 


Patients 


Between 1974 and 1980, 160 children aged between 


6 months and 16 years were seen at the clinic and 121 
of them had JCA (Table). In addition there was a 
miscellaneous group of 39 children who were found 
either not to have inflammatory joint disease or 
to have a disorder that did not fit the diagnostic criteria 
for JCA. Such disorders included traumatic joint 
injuries, hypermobile joints, osteochondritis -dis- 
secans, and post-rubella arthritis, as well as systemic 
lupus erythematosus, dermatomyositis, and sclero- 
derma. The main sources of referral were the family 
doctor (42%), paediatricians (36%), orthopaedic 
surgeons (9%), and rheumatologists (7°). Details 
of the children with JCA are shown in the Table. 
Twenty (17%) of the children with rheumatic 
disorders had a close family history of inflammatory 
arthritis and there were two sets of identical twins 
both discordant for the disease, one with JCA and 
the other with psoriatic arthritis. There were two 
brothers with similar disease. Sixteen (13 %) children 
had positive antinuclear antibody tests, 3 (19°) of 
whom had chronic uveitis. In the entire series, 7 
(6%) children had chronic uveitis of whom 3 (43 %) 
had positive antinuclear antibody tests. In addition 
there was one child with ankylosing spondylitis who 
had acute uveitis. Most children required treatment 
with non-steroidal anti-inflammatory drugs only, 
but 30 have also received corticosteroids: 19 
penicillamine, 7 gold (sodium aurothiomalate), and 4 
chloroquine. Ten children have required ortho- 
paedic surgical intervention for either diagnostic or 
therapeutic purposes. 

Two patients died; both were in the JCA (systemic) 
group. Each had received treatment with corti- 
costeroids for prolonged periods and died from an 
encephalitic illness. There were no cases of amyloid. 





Table Details of the 160 children 
Boys Girls 
Juvenile rheumatoid arthritis 4 15 
Juvenile chronic arthritis - 
Pauciarticular 13 28 
Systemic 7 11 
Polyarticular 9 18 
Ankylosing spondylitis 10 0 
Psoriatic arthritis a. 1 5 


Total Mean age Percentage of children 
onset (years) 
No vid With positive With chronic 
ANA test uveitis 
19 16 10-8 21 0 
4l 34\ 8-8 10 10 
18 15 +7) 6-2 6 1] 
27 a 7.2 7 4 
10 8 11-8 10 0 
6 5 11-0 0 0 





— 


ANA <antinuclear antibody. `- 
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The clinic 


A monthly clinic is held in the paediatric outpatient 
department and the children are seen by a paedia- 
trician and a rheumatologist together with a physio- 
therapist. An ophthalmologist with a special interest 
in the rheumatic disorders of children has a clinic 
on the same afternoon and children are regularly 
referred. At times outside these monthly clinics 
children are seen as part of a general paediatric 
clinic. There is ready access to an orthopaedic 
- surgeon, the dental department, child psychiatrists, 
and a social worker from the Lady Hoare Trust. 
The physiotherapist has a particular interest in 
children and a knowledge of the special techniques 
of splint-making and physiotherapy necessary for 
the management of children with JCA. She has 
visited Taplow and keeps in close contact with her 
professional colleagues there. Regular sessions are 
held in a hydrotherapy pool. In order to avoid undue 
travelling for patients clinics are held once or twice 
a year in peripheral hospitals where the paediatrician, 
rheumatologist, and physiotherapist meet their 
local colleagues. In this way many more children 
are seen and the knowledge of the special treatment 
and techniques needed can be imparted to the local 
physicians and their staff. 


Discussion 


Arthritis in children is rare, the prevalence being 
estimated at 0-65 per 1000 children under age 15 
years. Many cases are mild and self-limiting and 
can be satisfactorily looked after by most general 
paediatricians. However, there is a small group of 
children with chronic unremitting disease who need 
special management and for whom the ultimate 
outcome can be greatly improved by early and 
effective management. Most of the patients seen in 
the clinic who have been referred by other con- 
sultant colleagues are in this category, and many in 
the past would have been referred to Taplow with 
consequent expense as well as occasional separation 
of the child from his family for prolonged periods. 
A local service reduces the amount of time spent in 
hospital as most of the treatment can be given on an 
outpatient basis and only rarely has it been necessary 
to admit a child and then only for a short period. 

The number of children seen in our clinic repre- 
‘sents only a portion of the children with these 
conditions in the region, and the number of children 
in the different groups does not necessarily cor- 
respond with that which would be found in a whole 
population survey. However, the relative proportions 
in each subcategory are similar to those reported by 
Ansell from Taplow.® The low prevalence of positive 


antinuclear factor and of uveitis is different from 
other series and we are unable to explain it. The 
prognosis for JCA has improved considerably in 
recent years as a result of new methods of medical 
treatment but at least as important 1s a greater 
awareness of the need for early active physiotherapy 
management.® Far fewer children now end up 
severely disabled than previously. It is the need for 
this expert help early in the disease which makes a 
regional clinic of most value. Any single paedia- 
trician or rheumatologist will see only one or two 
severe cases each year and it is not feasible to 
provide appropriate facilities for the care of such a 
small number of children in every district general 
hospital. In addition a regional clinic can act as a 
link with other centres so that new methods of 
treatment can be made available for all children. 

Patients with JCA may have to be managed for ` 
many years and during this time several professional 
groups are concerned. Primary responsibility is best 
provided by a paediatrician who has specialised 
knowledge of the care of children and their families, 
and by a rheumatologist with a special expertise 
in the care of joints. Treatment with the second-line 
antirheumatic drugs—such as corticosteroids, peni- 
cillamine, gold, and chloroquine—can be beneficial 
but carries a significant morbidity as all such 
drugs have serious side effects. They should not be 
withheld for lack of close supervision by a team 
experienced in their use. 
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SUMMARY This paper reports a study of café-au-lait 


spots of a minimum diameter of 1 cm in 732 white 
schoolchildren. Three groups were identified, accord- 
ing to the number of café-au-lait spots on each 
child: (1) those with none (74%), (2) those with 
fewer than 5 (25%), and (3) those with at least 5 (5 
children, 2 considered to be normal, and 3 siblings 
each presumed to have neurofibromatosis, ‘one 
having died from leukaemia). Excluding the last 
group, the number of café-au-lait spots in the sample 
was not significantly related to age or sex. Some 
support is given for using the number of café-au-lait 
spots as an empirical threshold to diagnose neuro- 
fibromatosis. 


Café-au-lait (CAL) spots, are often noticed in the 
clinical examination of children of school age. Yet 
there is no information on CAL spots for such 
children. Publications relate to neonates, children up 
to age 5 years (for whites and blacks), and white 
adults. * 

We report a study of the number of CAL spots in 
healthy schoolchildren. 


Subjects and methods 


The 732 children in the study were attending one 
school in Nottingham. All were white and aged 
between 4 and 11 years. 


The studies. The school was visited by one observer 
(RGB) for two periods, each during June and July 
separated by an interval of 4 years. After obtaining 
parental permission, all children attending were 
examined for CAL spots: firstly, in 1974 during a 
comprehensive anthropometric study; secondly, in 
1978 during a detailed study of congenital abnorma- 
. lities.2 In 1974, 82 (27%) of 301 children had CAL 
spots. In 1978 there were 109 (25 %) of 431 children 
with CAL spots. The data from each year of study 
were combined to provide records from 732 children 
for analysis (367 boys, 365 girls). 


Examinations. In each child the entire skin surface 
(excluding genitalia of the girls) was fully examined 
in a good light. The CAL spots were recorded by 
number, accurate anatomical site, and size. Each spot 
was measured in two dimensions at right-angles to 
the nearest mm using a steel tape. 


Identification of CAL spots. To be recorded as CAL 
spots the criteria were: a discrete, flat, pigmented 
area, light brown in colour with clearly defined 
margins, and skin markings the same as adjacent 
skin; the minimum broadest diameter to be 1 cm. 


Follow-up. The three families of 5 children with at 
least 5 CAL spots were visited, interviewed, and 
examined in 1982. 


Results 
Number of CAL spots. The percentage and number 


of children with 0 to at least 6 CAL spots are shown 
in the Figure. 
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Figure Percentage of children having 0 to at least 6 café- 
au-lait spots. Number of children is also shown. Note: 74%, 
had no detectable spots; about 25% had I to 3 spots; oniy 
5 children had 5 or more spots. i 
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After excluding the chi'dren with 5 or more CAL 
spots, there are 233 CAL spots in 185 children. The 
number of CAL spots in this sample does not have a 
normal (Gaussian) distribution; it has some charac- 
teristics of a Poisson distribution (with respect to 
means and variances at each year of age for boys and 
girls separately). A Poisson distribution is attributed 
to a process in which some kind of ‘event’ occurs 
. repeatedly but haphazardly—for example a muta- 
tion. Using the transformation ,/x+4 to convert 
the Poisson to the normal distribution, an analysis 
of variance shows that the number of CAL spots in 
the sample is not significantly related to either age 
(P > 0-25) or sex (P > 0-25). 

Assuming.a random process in the population for 
their origin, the probability of children having CAL 
spots is as follows: none, 72.6%; 1,23-:3%; 2, 3-7%; 
3, 0-4%; 4, 0:03%; and 5 or more, 0-002%. 
Comparison of these ‘expected’ percentages with 
those in the Figure shows a similarity on the left and 
a divergence on the right. A goodness of fit test 
suggests that the distribution is not entirely random 
due partly to an excess of children with 2 to 3 CAL 
spots (y? = 6-44,0-01 < P < 0-02, df = 1,n = 727). 
Some evidence that the non-random component 
could be hereditary is provided from the follow-up. 


Follow-up. The 2 children with 5 CAL spots are boys” 
One aged.8 years has the 5 CAL spots without 
axillary freckling; his sister aged 12 years and his 
parents are without CAL spots. The other, aged 13 
years at 8-year follow-up, has 5 CAL spots without 
axillary freckling; his brother aged 12 years has 2 
CAL spots, and his half brother, aged 6 years, 1 spot. 
Mother, divorced from his father and remarried, has 
3 CAL spots reaching 1-5 cm, and 5 CAL spots 
reaching 1 cm in diameter—-without evident neuro- 
fibromatosis in herself or her family. 

The 3 children’ with 6 or more CAL spots are 
siblings. At 8-year follow-up, they proved to be the 
only children of a father with 1 spot and a mother 
with cutaneous manifestations of neurofibromatasis: 
numerous CAL spots, mollusca fibrosa, and 
verrucose hypertrophy. The brother (with spots too 
numerous to count) died of a T-cell type acute 
lymphoblastic leukaemia at 10 years*; the elder 





sister with numerous CAL spots, at 17 years now has _ 


a few mollusca fibrosa on her back; the other sister 
aged 9 years has 8 CAL spots with bilateral axillary 
freckling. All three, the only children of this mother, 
are presumed to have neurofibromatosis. 


Discussion 


Our choice of 1-0cm as the discriminant size for 
CAL spots is arbitrary. It seems a reasonable 
compromise between the 0-5 cm for children from 


birth to age 5 years used by Whitehouse,*® and the 
1-5cm for adults used by Crowe eż al} 


CAL spots, age, and regional distribution. CAL spots 
are stated to be present soon after birth and to 
increase in number during the first and second 
decades of life.! Our cross-sectional study does not 
confirm a significant increase in the number of CAL 
spots between ages 4 and 11 years. 

Our unpublished findings show that CAL spots 
are appreciably more common on the trunk and 
buttocks than on the limbs: this confirms the clinical 
opinion that CAL spots, unlike freckles, are more 
prevalent in unexposed areas of skin? 


CAL spots and the diagnosis of neurofibromatosis. It 
has been claimed empirically that 5 CAL spots in 
young children or 6 CAL spots in adults make a 
diagnosis of neurofibromatosis probable, if not 
mandatory. In contrast, Riccardi® has stated that 
multiple CAL spots are important but neither 
necessary nor sufficient for the diagnosis of neuro- 
fibromatosis. 

Our findings provide some support and reason for 
using the number of CAL spots as an empirical 
threshold to diagnose neurofibromatosis. 


We thank Miss J Eyre, head teacher of Cantrell 
Primary School, Nottingham, for help and Dr J CG 
Pearson, Department of Community Health, for 
statistical work and advice. 


R G B was supported by a grant from the National 
Fund for Research into Crippling Diseases. 


References 


1 Crowe F W, Schull W J, Neel J V. A clinical, pathological, 
and genetic study of multiple neurofibromatosis. Springfield, 
Ill: Thomas, 1956: 3-181. 

Alper J, Holmes L B, Mihm M C, Jr. Birth marks with 
serious medical significance: nevocellular nevi, sebaceous 
nevi, and multiple café-au-lait spots. J Pediatr 1979; 95; 
696-700. 

Harrison M H M, Burwell R G. Perthes’ disease. A 
concept of pathogenesis. Clin Orthop 1981; 156: 115-27. 
Bader J L, Miller R W. Letter: No maternal effect in 
childhood leukaemia with neurofibromatosis. Lancet 
1979: i: 503. 

Whitehouse D. Diagnostic value of the café-au-lait spot 
in children. Arch Dis Child 1966; 41: 316-9. 

Riccardi V M. Pathophysiology of neurofibromatosis. IV. 
Dermatologic insights into heterogeneity and pathogene- 
sis. J Am Acad Dermatol 1980; 3: 157-66. 


eo 


eS 


~ 


a 


Correspondence to Professor R G Burwell, Department of 
Human Morphology, Queen’s Medical Centre, Clifton 
Boulevard, Nottingham NG7 2UH. 


Received 22 March 1982 


Fifth day fits: an acute zinc deficiency syndrome? 633 


Fifth day fits: an acute zinc deficiency syndrome ? 


H JAMES GOLDBERG AND ELIZABETH M SHEEHY 


Mercy Maternity Hospital, Melbourne, Australia 


SUMMARY A 3-year prospective study to elucidate 
the cause of fifth day fits was carried out. A highly 
significant relationship with low cerebrospinal 
fluid zinc levels was found. Theoretical and practical 
considerations support the contention that fifth day 
fits are caused by an acute deficiency of zinc. 


Convulsions occurring around the fifth day of life in 
otherwise normal babies have aroused considerable 
interest! because of an apparent rise in incidence 
and also because the aetiology is unknown. Our 
hospital experience” during the periods 1971-74 
(12 904 live births) and 1975-77 (13 304 live births) 
showed a rise in the overall incidence of neonatal 
convulsions from 2 to 6 per 1000 live births while the 
incidence of fifth day fits rose from 0-6 to 2-2 per 
1000 live births. A prospective study was started in 
July 1978 to define the syndrome and identify 
possible causes. 


Method 


The fifth day fitters (group 1) were defined as being 
normal term babies of appropriate size for gesta- 
tional age who developed short-lived and otherwise 
unexplained convulsions towards the end of the 
first week of life. They were compared with a group 
of fitting babies (group 2) in whom a cause for 
convulsions had been provisionally identified or 
in whom there was some other health problem (such 
as being small for gestational age) even if not 
obviously related to the convulsions. For further 
comparison a group of babies (group 3) was in- 
corporated into the study in whom there had been 
no convulsions although lumbar punctures had been 
performed for other indications—for example 
suspicion of sepsis. From the start of the study all 
specimens of cerebrospinal fluid (CSF) from groups 
1, 2, and 3 were frozen and stored until required for 
screening programmes. 

Most (87 %) of the fifth day fitters were breast fed. 
This accurately reflects the pattern in our hospital 
where about 90% of term babies are wholly or 
primarily breast fed on discharge at day 7. 

All babies who convulsed had the following 
studies carried out: full blood examination, blood 
sugar, serum sodium, calcium, phosphate, mag- 
nesium, acid-base estimations, serum proteins, 


serum IgM, metabolic screen of urine and blood, 
CSF microscopical examination and bacterial 
culture, skull x-ray film. A full antenatal and 
perinatal drug history was recorded together with a 
postnatal drug and feeding history of both mother 
and baby. Initially all babies had viral cultures of 
CSF, blood, urine, and faeces, and either a com- 
puterised tomography scan or ultrasound examina- 
tion of the brain. Because few results were 
significant these tests were later reserved for babies 
with specific clinical indication of viral infection or 
a structural brain abnormality. If clinically 
indicated further elucidation of metabolic ab- 
normalities was done. Several babies had a trial of 
pyridoxine without success. 

The time of onset of the fits suggested an en- 
vironmental influence; furthermore, it was noted 
that while all the cases of fifth day fits came from 
the standard postnatal nurseries there appeared to 
be no such unexplained convulsions among babies 
in the special care nurseries. Comparison of nursing 
management between the two areas showed that 
those babies in the standard postnatal nurseries 
received smaller volumes of feeds, more exposure to 
Phisohex (3 % hexachlorophane), and less exposure to 
zinc ointment than those in the special care nurseries. 
The last observation prompted us to study the levels 
of zinc in the CSF. Estimations of CSF zinc levels 
were carried out by an independent laboratory and 
were not identified to any group. Analysis was by 
flame-aspiration atomic absorption spectroscopy. 

Investigation of the air-conditioning system 
throughout the hospital showed no source of 
infection or toxins. Testing for hexachlorophane 
showed no detectable amounts in the CSF specimens 
of any in the three groups. Attempts at screening 
specimens of CSF for possible toxins using liquid 
gas chromatography were unsatisfactory because of 
difficulties in developing standard curves for all 
the potential toxins. 


Results 


CSF zinc levels were examined (Figure) and a non- 
parametric comparison made between group 1 
(fifth day fitters) and groups 2 and 3 (controls) based 
on the number of CSF zinc levels above or below 
1 pmol/l. (With the skew distribution for CSF zinc 
levels it is not appropriate to use a ¢ test or analysis 
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Group 3 


Figure Cerebrospinal fluid zinc levels. 

Group l fifth day fitters; group 2 convulsions due 
to some other cause; group 3 CSF samples from 
babies who did not fit but who had other health 
problems. 


of variance to compare group means.) Thus only 
5 (20%) of 25 babies in group 1 had CSF zinc levels 
above 1 mol/l compared with 41 (64 %) of 64 babies 
in groups 2 and 3. Analysis of this 2 x 2 table 
showed a highly significant tendency (y?, >14-0, 
P<0-0001) for CSF zinc levels to be lower than 
1 pmol/l more often in group 1 than in groups 2 and 
3 (relative risk = 8-2). A normal mean CSF zinc 
level has been given as 3-7 mol/l.’ 


Discussion 


These data suggest that unexplained fits occurring 
around the fifth day may be caused by transient 
zinc deficiency. Although zine deficiency has not 
hitherto been recognised as a cause for con- 
vulsions, certain neurological abnormalities* have 
been ascribed to zine deficiency, most of them of a 
chronic nature. These include loss of taste and smell, 
depression, irritability, behavioural abnormalities, 
nystagmus, and optic neuritis. Perhaps an acute 
deficiency of zinc would have more striking 
manifestations: 

Absorption of zinc in the newborn is believed to 
be facilitated by zinc-binding ligands in the breast 
milk which diminish after a few days and zinc- 
binding ligands in the gut mucosa which take some 
days to be fully developed. Under these circum- 
stances zinc absorption is likely to be lowest towards 
the end of the first week of life. Zinc is better 
absorbed from breast milk than from artificial feeds. 


However, variations in the quality and quantity of the 
milk ingested are far greater in breast-fed than 
artificially-fed infants and may account for further 
variation among babies. The level of calcium 
in the feeds also affects the absorption of 
zinc, with high concentrations of calcium having an 
inhibitory effect. It is not known whether greater 
volumes of feeds or external applications of zinc 
ointment give any protection against acute zinc 
deficiency. With further development o` mucosal 
zinc-binding ligands in fifth day fitters, improved 
absorption of zinc with spontaneous resolution of 
symptoms might be expected. 

We did not attempt to reverse the syndrome by 
giving zinc; indeed it may be difficult to prove that 
zinc deficiency is a cause of fifth day fits, firstly 
because the convulsions are short-lived, and 
secondly because it is not known how long it takes 
for either orally or parenterally administered zinc 
to become biologically available in the central 
nervous system. As the fits respond readily to 
standard treatment the use of experimental measures 
was not justified. As plasma zinc levels vary with 
the serum albumin level and fall within hours of 
stress it was felt that CSF levels of zinc were a more 
accurate reflection of ‘neurologically available’ zinc 
than were plasma estimations. No other types of 
zinc estimations were carried out. Parameters such 
as white blood cell zinc are thought to be a 
more accurate reflection of total body zinc than 
plasma or CSF levels. However, their relevance in 
this context is unknown, particularly as the pro- 
portion of zinc in the various body compartments 
may change rapidly over the first weeks of life.’ 

Further studies are planned to correlate zinc levels 
in artificial feeds and human milk with the occur- 
rence of fits, to investigate the relevance of con- 
comitant calcium levels in the feeds, and to assess 
the affects of feeding schedules and of the external 
applications of zinc cream on the incidence of the 
syndrome. 


We thank Dr L I Taft for laboratory assistance and 
generous financial support and Dr J D Mathews 
for the statistical analysis and review of the 
manuscript. 
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SUMMARY Five cases of xanthogranulomatous 
pyelonephritis are described. Wilms’s tumour was 
suspected preoperatively in 2 of the cases and a renal 
tumour appeared to be confirmed at laparotomy in 
three. Patho ogical examination is diagnostic and 
the condition appears to be always unilateral. 
Nephrectomy is curative. 


Xanthogranulomatous pyelonephritis (XPN) is a 
rare outcome of bacterial infection of the kidney, 
characterised by unilateral destruction of renal 
parenchyma and the accumulation of lipid-laden 
foamy macrophages either surrounding abscess 
cavities or as discrete yellow nodules. Most cases 
have been described in women, generally they have 
a non-functioning kidney, urolithiasis, and urinary 
infection especially with Proteus species. The 
similarity of XPN to renal cell carcinoma has often 
been noted and the condition may also mimic 
perinephric abscess, pyelonephritis with stones, 
renal carbuncle, and tuberculosis.! 

Some 45 cases of XPN have been documented 
since the first description in 1963.2-§ We describe 5 
more cases in order to stress the importance of 
considering XPN in the differential diagnosis of 
renal tumours. 


Patients 


Case 1. A 2-year-old boy was noticed at routine 
examination to be anaemic with weight below the 
3rd centile and height on the 10th centile. A left- 
sided abdominal mass was palpable and an intra- 
venous urogram (IVU) showed patchy calcification 
in the lower portion of the left kidney with 
irregular distortion and enlargement of the upper 
calyces. His haemoglobin concentration was 6-8 
g/dl with a white cell count of 13-8 x 10°/l, 72% 


neutrophils. Urine analysis showed pyuria but no 
growth on culture. 

After blood transfusion laparotomy was per- 
formed for a suspected Wilms’s tumour. This 
appeared to be confirmed at the time of operation 
with enlarged glands in the para-aortic and inferior 
mesenteric areas. Left nephrectomy and extensive 
lymph node dissection was performed. Vincristine 
0-7 mg was given intravenously at the end of the 
operation. 

Histological examination of the nephrectomy 
specimen showed changes typical of XPN with 
abscesses, lipid-filled histiocytes, and chronic in- 
flammatory cells. Proteus sp. were obtained on 
culture of the pus. The lymph nodes showed reactive 
hyperplasia. He remains well and free of urinary 
infection 4 years later with a weight on the 25th 
centile and height on the 10th centile. 


Case 2. A 34-year-old boy was admitted for in- 


_ vestigation of small stature, anaemia, and poor 


appetite. His weight was below the 3rd centile and 
his height between the 3rd and 10th centiles. Ab- 
dominal examination showed a palpable right 
kidney. His haemoglobin concentration was 8-5 
g/d! with a white cell count of 19-8 x 10°/l. Urine 
analysis showed pyuria with no growth on 
culture. Calcification was noted in the right renal 
area on plain abdominal x-ray film and an IVU 
showed deformity of the right calyceal system in a 
kidney which was enlarged. Cystoscopy and 
cystogram showed no ureteric reflux. Operation for 
suspected pyelonephritis with stones was carried out. 
A large tumour mass was found which was adherent 
to the colon, duodenum, liver, and diaphragm with 
enlarged adjacent lymph nodes. Nephrectomy was 
performed and he was given vincristine 0-75 mg 
intravenously in theatre. Pathological examination 
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showed XPN and Proteus sp. were cultured from 
the renal abscesses. The patient remains well 5 years 
later. 


Case 3. A 24-year-old boy presented with a 6 months’ 
history of urethral discharge and dysuria. His height 
and weight were just below the 3rd centile. The 
haemoglobin concentration was 9-5 g/d] with a 
white cell count of 13 x 10°/1. Urine analysis 
showed pyuria with a pure growth of Proteus sp. 
A poorly functioning left kidney with a bladder 
calculus were noted on the IVU. Cystolithotomy 
was performed and an operative cystogram showed 
bilateral vesicoureteric reflux. A follow-up IVU 
9 months later showed a non-functioning left kidney 
which on a retrograde pyelogram showed a space- 
occupying lesion distorting the upper and middle 
calyces. Left nephrectomy was performed and 
pathological examination showed XPN with 
numerous abscesses. He remains well 3 years later. 


Case 4. A 3-year-old boy presented with anorexia 
and lethargy since having measles 3 weeks previously. 
He was pale with a palpable mass filling the right 
side of the abdomen. His height was on the 25th 
centile with a weight between the 50 and 75th 
centiles. Haemoglobin concentration was 5-8 g/d] 
with a white cell count of 14-3 x 10°/I. Urine 
analysis showed excess white cells and no growth in 
culture. An IVU showed a non-functioning right 
kidney which on ultrasound showed multiple 
internal echoes. Right nephrectomy for suspected 
Wilms’s tumour was performed and a huge lobu- 
lated renal mass (384 g compared with an expected 
weight of 48 g) was removed. The cut surface 
showed multiple abscess cavities (Figure) and 
histological appearances were characteristic of 
XPN. The mesenteric lymph nodes were enlarged. 
Proteus vulgaris was cultured from the kidney. 
The patient remains well 10 months later. 





Figure Cut surface of nephrectomy specimen showing 
multiple abscess cavities. 


Case 5. A 12-year-old girl presented with one 
month’s history of abdominal pain and anaemia. 
She had a palpable non-tender left renal mass. Her 
haemoglobin level was 11 g/dl (on iron treatment) 
with a white cell count of 12-1 x 10°/l and an ESR 
110 mm in 1 hour. Her urine specimen was sterile on 
culture. 

An IVU suggested left-sided hydronephrosis 
perhaps with pelvi-ureteric obstruction. Laparotomy 
was performed and an enlarged kidney attached to 
the psoas muscle with fleshy para-aortic lymph nodes 
was found. A left nephrectomy and lymph node 
dissection was performed. The initial histological 
interpretation was that of renal carcinoma of the 
sarcomatoid variety or a mesoblastic tumour; 
subsequent histological review suggested the diag- 
nosis of XPN. The girl remains well and symptom 
free 8 years later. 


Discussion 


The 50 reported cases in childhood (including these) 
show that XPN affects boys and girls equally and 
there is no predilection for one particular kidney. 
The condition is almost entirely unilateral with a 
non-functioning kidney on IVU being found in 
72% and calcification in the renal area in 52% of 
cases. 

The disease has been discussed elsewhere.” The 
pathogenesis of the lipid accumulation is unknown 
but may be associated with venous occlusion and 
haemorrhage, perhaps with infection and urinary 
tract obstruction. In 75% of cases, bacteria have 
been cultured from the urine or renal abscess 
cavities with Proteus sp. (particularly P. vulgaris) 
accounting for 60% of the isolates. 

Two of our 5 patients were suspected of having a 
Wilms’s tumour preoperatively. The clinical sus- 
picion appeared to be confirmed in Case 1 and 
intravenous vincristine was administered at the 
time of operation. The drug was also administered 
in Case 2 because the gross appearances and wide- 
spread lymph node enlargement at the time of 
operation suggested Wilms’s tumour. The laparotomy 
findings suggested Wilms’s tumour in Case 4 also, 
but the cut surface appearance of the nephrectomy 
specimen strongly suggested XPN to the surgeon 
who had encountered a similar case. The surgeon 
who operated on Case 5 was convinced it was a 
malignant tumour invading the psoas muscle. 
Fortunately treatment was delayed while a further 
opinion was sought. 

Most children with XPN present with symptoms 
suggesting non-specific chronic infection—such as 
failure to thrive, pallor, and lethargy. Recurrent fever 
was noted in half the reported cases but there is little 
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evidence to suggest that these children had received 
ineffective antibiotic therapy for urinary tract in- 
fections. Fever is not uncommon in association with 
Wilms’s tumour with most patients having a palp- 
able abdominal mass compared with only 30% of 
XPN cases. The radiological findings in Wilms’s 
tumour are usually those of calyceal distortion on 
the IVU with calcification being present in only 
5-15% of cases. A solid echo-free mass on ultra- 
sonic examination also suggests tumour but when 
multiple internal echoes are obtained, which is the 
usual finding in XPN, it is not possible to be certain 
that one is not dealing with a Wilms’s tumour that 
has undergone cystic degeneration. 

In these 50 cases of XPN the age range was 5 
months to 15 years with a mean age at detection of 
4-6 years. This figure approximates to that for 
Wilms’s tumour but most cases occur before age 
5 years. 

Therefore it is important to consider XPN in 
order to avoid needless preoperative irradiation of 
a large abdominal mass, extensive lymph node 
dissection, or administration of myelosuppressive 
agents at the time of operation. The IVU and renal 
angiography show no specific features in XPN and 
the incidence of vesicoureteric reflux on micturating 
cystourethrography has been poorly documented. 
It remains to be seen whether the more frequent use 
of ultrasound examination in combination with the 
IVU can more accurately predict XPN.* 

Nephrectomy is curative but in those cases where 


there is polar involvement (24% of cases, 75% of 
which are in girls) a partial nephrectomy may 
suffice. No recurrence of XPN in the contralateral 
kidney has yet been reported. 


We thank Dr A Kennedy, Mr A Jolleys, and Mr 
J Cohen for providing clinica! details. 
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Benign paroxysmal torticollis in 
infancy 


Sir, 

I read with interest the paper by Deonna and Martin.? 
The syndrome may be a separate and new clinical 
syndrome, but we can only be certain if such patients are 
carefully screened for possible medication. It is essential 
to consider the differential diagnosis of a drug-induced 
dystonia. We have drawn attention to this problem 
previously.” 3 

‘The statement made by Deonna and Martin that 
benign paroxysmal torticollis is ‘unlike any other known 
form of intermittent torticollis’ is not sufficiently sub- 
stantiated. Their criteria do not exclude drug-induced 
torticollis. Case 3, reported by us in 1970,* fulfilled all 
these criteria (except for the patient’s age), but was 
caused by metoclopramide. Our patient was aged 7% 
years, but even an infant may be given dystonia-inducing 
drugs and generally the parents do not tell us unless we 
ask. The symptoms and signs of ‘paroxysmal torticollis’ 
are strikingly similar to those of drug-induced dystonia. 
They include abnormal rolling of the eyes (oculogyric 
crisis), retrocollis, curved trunk (tortipelvis), and neck 
pain. The clinical picture is too complex to be described 
with the restrictive label of paroxysmal torticollis. All 
patients with a paroxysmal torticollis need a detailed 
history, searching for dystonia-inducers. Experience 
taught us that enumerating these drugs for the parents 
(phenothiazines, butyrophenones, metoclopramide, etc.) 
is essential and that denial by them does not exclude 
this aetiology. In addition, careful observation and 
an accurate description of all accompanying symp- 
toms are mandatory. Only by so doing will we help our 
patients, and contribute to clarifying the cause of these 
symptoms. 
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Dr Deonna comments: 


We agree that drug-induced acute dystonia, like many 
other conditions, should be included in the differential 
diagnosis of any paroxysmal postural abnormality in 
infants and children. We also agree that failure to obtain 
a positive history of drug ingestion (as in our cases) does 
not exclude this possibility. New drugs which are potential 
‘dystonia-inducers’ are increasingly used in babies with 
gastrointestinal reflux, at an age when benign paroxysmal 
torticollis often starts. This was recently reported from 
our department. 

However, the postural abnormality seen in benign 
paroxysmal torticollis remains throughout the course of 
the attack and, unlike dystonic spasms due to a drug 
reaction,! ? does not seem to fluctuate. If one has not had 
the opportunity to observe the child carefully during the 
attack the recurrence of identical symptoms over many 
months in the absence of drug ingestion is the other 
strong argument in favour of benign paroxysmal torti- 
collis. We have also paid attention to the other symptoms 
reported in association with paroxysmal torticollis and 
have been struck more by the presence of systemic 
disturbances (pallor, vomiting, pain) than by extra- 
pyramidal signs. 

Although we agree that the numerous causes of 
symptomatic torticollis should be ruled out before 
making the diagnosis of benign paroxysmal torticollis, 
enough clinical evidence has now accumulated to 
recognise it as a separate and new clinical syndrome of 
unknown, possibly diverse, aetiologies including migraine. 
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Lipoatrophy in a patient on highly 
purified beef insulin 


Sir, 
Lipoatrophy at injection sites was reported in 10% of 
diabetics treated with conventional insulin preparations, 
but it was more common in girls and in young patients. 
Treatment by the injection of monocomponent porcine 
insulin is the treatment of choice? either into the periphery 
or centre of the atrophic sites, although the latter is 
painful. I think that lipoatrophy in a patient treated 
exclusively with highly purified beef insulin has not 
previously been reported. 

A 4-year-old girl developed diabetes mellitus and was 
stabilised on highly purified beef insulin zinc suspension 
(Neulente (Wellcome) 14 units daily). Her diabetic 
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control was unsatisfactory; she had occasional hypo- 
glycaemic episodes and results of tests on the urine were 
poor. She generally resisted attempts to be restrained 
when being injected and developed a predilection for 
having Injections in the lateral aspects of both thighs. Her 
dose of insulin was increased progressively to 20 units 
daily and after 8 months of treatment she was noted to 
have moderately severe lipoatrophy of injection sites. 
Because of this and her unsatisfactory control, she was 
changed to monocomponent porcine insulin with a 
mixture of Monotard MC and Actrapid MC (Novo 
Laboratories) once daily, and her mother was instructed 
to inject her in the periphery of the atrophic sites. During 
the next few weeks her dose of insulin stabilised to 
Actrapid MC 4 units and Monotard MC 8 units daily. 
Four months later her injection sites no longer showed 
lipoatrophy and her diabetic control was much improved, 
but she continued to co-operate poorly when being 
injected. 

Reeves et al.® studied 14 patients with lipoatrophy at 
conventional insulin injection sites with a mean duration 
of treatment of 10 years (range 4 months to 10 years) and 
produced convincing evidence that lipoatrophy is the 
result of local immunological reaction to impurities in the 
insulin. The excellent response to monocomponent 
porcine insulin in these patients, together with the rarity 
of local reactions in patients treated exclusively with these 
insulins, lends strong support to this hypothesis. How- 
ever, Jones et al.* recently reported the development of 
lipoatrophy in a patient treated exclusively with mono- 
component porcine insulin (Monotard MC) which 
resolved on injecting a mixture of Actrapid MC and 
Monotard MC into atrophic sites. In their case there was 
no evidence of a local immunological reaction so that the 
cause of lipoatrophy in every patient is not known. 

This report describes lipoatrophy developing in a 
diabetic girl treated with one of the new generation of 
highly purified beef insulins over a period of 8 months. 
I have subsequently treated another young girl with an 
almost identical presentation and outcome. Because of 
their purity, these insulins are thought to be unlikely to 
produce immunologically mediated reactions, but this 
case suggests that doctors will need to remain vigilant for 
the development of local injection site reactions in 
patients treated with highly purified beef insulin. 
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Resuscitation of preterm babies at 
birth reduces the risk of death from 
hyaline membrane disease 


Sir, 

We were disturbed by the title of the paper by Robson 
and Hey.! Details of any method that reduces the risk of 
death from hyaline membrane disease should be pub- 
lished, but we do not think that the authors demonstrated 
the effect claimed. 

Testing a hypothesis using two populations from differ- 
ent time periods is fraught with difficulties? and inter- 
pretation of significant results has often been challenged. 
In their study errors were made worse by interpreting a 
non-significant result as showing a cause-effect relation- 
ship. They reported that of infants of 1000-2000 g born 
between 1960 and 1967 there were 50 (10-7%) deaths out 
of 465 such births, whereas between 1971 and 1976 there 
were 23 (8-7%) deaths out of 264 low birthweight births. 
The authors stated that this represented a significant 
reduction, and we would like to know on what statistical 
test this conclusion is based. In fact, chi-squared with 
Yates’s correction = 0-6, df = 1, P>0-5. 

We think that the following points should also be 
made: (a) Death from hyaline membrane disease bears a 
very strong relationship with gestation, but given gesta- 
tion, birthweight has little part to play.* * Preterm babies 
should mot be defined by birthweight. (b) Comparison of 
risks pertaining in two groups should have ensured that 
in the two groups there were similar distributions of a 
number of background factors incontravertibly shown to 
be associated with death from hyaline membrane disease, 
particularly gestational maturity and whether delivered by 
caesarean section.’ (c) The proposition that asphyxia is 
related to deaths from hyaline membrane disease rests 
largely on twin studies; the second twin is more likely than 
the first twin to suffer this fate, ®°~* especially if the 
interval between delivery of the two is longer than 30 
minutes.® It seems possible that if this is important then 
obstetric management of labour, with increased use of 
oxytocics and shorter first and second stages, may have a 
more beneficial effect than the resuscitative methods 
employed after delivery. 

Robson and Hey’s claim may be correct but their data 
do not support it. 
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Sister Robson and Dr Hey comment: -> 


We knew that the observed 20% reduction in mortality 
from hyaline membrane disease in babies of 1-2 kg was 
not significant when assessed using a simple y? test; it 
would have taken a very much larger study to confirm 
such a modest, but potentially important reduction using 
this approach. Nevertheless, mortality was consiant 
throughout the 1960s and the immediate decrease in 
annual mortality after the deliberate introduction of a 
different treatment policy in 1971 was significant. We 
reported the difference in mean annual mortality for 1971- 
76 and 1960-67 (Figure), but it might have been more 
correct to undertake a logit transformation of propor- 
tional mortality before comparing the two means; sucha 
transformation reduces, but does not abolish, the 
significance of the fall. 

Such arguments about the most appropriate statistical 
‘treatment’ of the data are insignficant when compared 
with the insoluble hazards inherent in using historic 
controls in the first place. We were aware of such dangers 
and did not doubt that readers would be equally con- 
scious. We looked for changes in the mean length of 
labour but found none: labour was as often retarded by 
B-adrenergic agonists as accelerated by syntocinon in 
the latter years of the study, and it was often difficult to 
define the onset of labour or the timing of full cervical 
dilatation accurately when labour occurred prematurely. 
Golding and Butler seem to imply that speed and safety 
are always synonymous when delivering twins but this is 
not so." ? We would agree that obstetric management may 
influence outcome at least as much as immediate care 
after birth and we made this point in our article, but we 
were unable to document any change in the incidence of 
toxaemia, abruption, multiple pregnancy, or caesarean 
delivery among babies of 1-2 kg between 1960 and 1976. 

The relative merits of gestation and birthweight were 
not lost on the original authors:* indeed Farr ef al.4 
led the world in the introduction of routine methods for 
estimating gestational age from an assessment of the 
baby’s physical appearance at birth between 1966 and 
1968. However, we could not be sure of the gestation of 
the babies born between 1960 and 1967 to mothers with 
uncertain menstrual dates and this was why we used 
weight rather than gestation. Nevertheless, we are 
confident that the observed change in mortality in these 
babies was not due to a shift in gestational age. 
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Figure Mean annual mortality from hyaline membrane 
disease in babies of 1-2 kg af birth before and after the 
introduction of elective resuscitation at delivery in 1971 


Others will have to confirm the validity of our observa- 
tion because we had to use an historic control group, but 
immediate elective intubation from birth halved mortality 
in babies of 0-5-1-5kg in a recent control trial,> and 
Professor Milner and his colleagues are now looking for 
evidence that brief elective intubation at birth can 
produce prolonged improvement in pulmonary com- 
pliance as we first documented more anecdotally 10 years 
ago.® 

We did not encounter one case of pneumonia, pneumo- 
thorax, symptomatic laryngeal trauma, or cicatricial 
retrolental fibroplasia in any of the 800 small babies in 
this study and conclude that elective resuscitation of the 
very preterm baby and endotracheal intubation for 20-60 
minutes during early transfer and stabilisation after birth 
is at least reasonably free of hazard and worthy of further 
evaluation. Its introduction in our nursery appeared to 
be associated with as large a reduction in annual mortality 
in 1971 (Figure) as the introduction, in 1977, of pro- 
longed ventilatory support for ill babies without waiting 
for evidence of terminal respiratory failure (mean annual 
mortality for babies of 1-2 kg in 1977~81:7-0%). 
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Refeeding after acute gastroenteritis 


Sir, 

Dugdale et al. compared the results obtained in two 
groups of infants suffering from acute diarrhoea who 
were submitted to either a rapid or a graduated refeeding 
regimen, and concluded that weight loss during the first 24 
hours of refeeding was less and the length of hospital stay 
after milk introduction was shorter in the first group. 
However, the P values of the differences (0: 1>P>0-05) 
are widely considered to be either not significant or on the 
threshold of significance. 

The data concerning the number of days in hospital 
after refeeding are confusing as 7 (25%) of 28 infants in 
the first group and 3 (9%) of 32 in the second group had 
to go back to clear fluids because of recurrent vomiting or 
diarrhoea, which means that in an appreciable number of 
infants (17%) milk introduction was tried more than 
once. 

Dugdale et al, gave no indication of the nutritional 
status of their patients; however in view of the fact that 
the mean age was about 22 months in both groups, and 
that 61% of the infants had mild or non-evident signs of 
dehydration (weight loss <5%), we can infer that diar- 
rhoea was generally not severe. They stated that in 
developing countries children with acute diarrhoea are 
left on milk, particularly if breast fed; this is so because 
the biological and nutritional properties of human breast 
milk make it uniquely suitable both in health and disease 
(except in the case of some inborn metabolic diseases). 
Its high lactose content, which might have been an 
inconvenience during acute diarrhoea or soon after it, is 
not harmful in practice. The same is true for infants with 
cows’ milk protein-sensitive enteropathy for whom breast 
milk is usually the best feeding alternative despite the 
frequent coexistence of lactose intolerance.? However, .in 
the non-breast fed infant with acute gastroenteritis and 
malnutrition it is thought best to interrupt, or decrease, 
the use of a lactose formula.? 

Severe diarrhoea and delayed recovery are more likely 
to occur in the first months of life particularly in mal- 
nourished infants.4 The problem is not when and how to 
refeed an older and well nourished child or infant with 
mild gastroenteritis, but how to treat the young or 
malnourished infant who has severe diarrhoea. In this 
case there are no strict rules and the physician may have 
to vary the procedure concerning the reintroduction of a 
formula in order to avoid delaying recovery. 
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Dr Dugdale and co-workers comment: 


We agree with most of the points made by Dr Salazar de 
Sousa. 

We regret that we did not give data on the nutritiona 
status of the children. The usual methods based on 
weight-for-age or weight-for-height can be misleading in 
the presence of dehydration. However, none of these 
children showed clinical evidence of malnutrition. 

Some gastroenterologists, and texts on the subject, 
suggest that early introduction of milk in children with 


gastroenteritis is contraindicated as being potentially 


harmful to the child.t * Our study was designed to show 
that rapid reintroduction was possibly beneficial, not 
harmful. The statistical method used tested the hypothesis 
that rapid refeeding gave weight gains that were different 
from those with standard treatment, and showed that there 
may be a significant difference favouring rapid refeeding. 
If we were to test the hypothesis that rapid refeeding was 
demonstrably werse than standard treatment, then the 


` level of statistical significance favouring rapid refeeding] 


would be high. Therefore using these criteria on this 
group of children we have demonstrated ‘that rapid 
refeeding is not worse than standard treatment, and may, 
perhaps, be better. We conclude that this form of 
management of acute gastroenteritis is an option in 
western-style communities. It. is significant that as 
long ago as 1962 Darrow? made the point that giving milk 
early may demonstrate an existing malfunction rather 
than cause it. 

Although we did not consider gastroenteritis in 
malnourished children, we have experience of this 
problem. In developing countries it is common practice 
to continue breast feeding children with gastroenteritis 
but to stop breast-milk substitutes. If breast milk is 
tolerated under these conditions and improves the 
outlook for the child, it is possible that breast milk 
substitutes would also help. We know of no study which 
has tested this but we believe that such data are sorely 
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needed; paediatricians would then have guidelines for 
treatment rather than the present ad hoc methods 
described by Dr Salazar de Sousa. 
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Premature thelarche 


Sir, 

Dumić et al.* suggest that premature thelarche may be an 
adrenal disorder; I do not think they have provided 
sufficient evidence for this. 

Although patients and normal controls were compar- 
able in number and age range, no information was given 
on the mean or median age of each group. Since the peak 
age of onset and presentation of premature thelarche was 
between 1 and 3 years I assume that most of their patients 
were clustered around the lower part of the relevant age 
range. Comparison of plasma dehydroepiandrosterone 
(DHEA) concentrations in the age range 1-3 years for 
each group would be more meaningful, since the profound 
effect of adrenarche on plasma DHEA concentrations 
would have been eliminated. Both groups showed a large 
SD in plasma DHEA concentrations, presumably the 
result of adrenarche having started in some of the 
subjects. The coefficient of variation of the DHEA assay 
was also rather high; therefore the values reported in this 
study were only similar to those reported in the literature, 
when compared with a 4-8-year-old band, but not the 
1—-4-year-age band.” 


The authors rightly state that plasma oestradiol and 
gonadotrophin concentrations are generally normal in 
children with premature thelarche. That DHEA and its 
sulphate may serve as a substrate for oestrogen synthesis 
in this disorder is an attractive hypothesis. However, it is 
not possible to conclude that plasma DHEA concentra- 
tions are increased unless patients and controls are 
studied during the peak age range of this disorder—that is 
1-3 years. 
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Dr Dumić and co-workers comment: 


Dr Hughes has made a useful suggestion and we present 
in the Table our data on the mean ages and the mean 
DHEA concentrations of our children with premature 
thelarche and in normal controls divided into two age 
groups in the ranges of 1-4 years and >-4-7 years. 

In the younger group there is a very significant differ- 
ence in the respective DHEA concentrations with no 
difference in the mean ages. 

This makes our data on the increased DHEA in girls 
with premature thelarche even more meaningful, as 
suggested by Dr Hughes. 

The lack of a significant difference in the DHEA 
concentration in children of the older age group can be 
explained as being due to adrenarche that has already 
started in some of the children of this age. 


Table Dehydroepianodrosterone concentrations (ng/100 ml) in normal girls and girls with premature thelarche 





Normal children 


Age group (years) Meanage(years) n Mean SD SE 


19-10 
42-54 


73-8 
127-6 


1-75 15 
5-45 9 


123-4 
177-6 


1—4 
> 4-7 





Premature thelarche f test P 
Mean age (years) n Mean SD SE 

1-95 12 207-9 81-83 23-62 -—2-676 0-02 
5-25 7 195-8 68-3 . 25-8 -0,345 0-80 





Conversion: traditional units to ST—-dehydroepiandrosterone: 1 ng/{00 m! = 0.0347 nmol/l. 
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Book reviews 


« Manual of Neonatal Intensive Care. 
æy N R C Robertson. (Pp. 278 incl. index; 

lustrated+ tables. £9-95 paperback.) 
«arnold: London 1981. 


ressures are being put on maternity 
ospitals to provide high standards of care 
wr very ill and often very preterm babies. 
-hese pressures will not go away; in fact 
Torts to centralise neonatal intensive care 

ive the paradoxical effect of making 

‘eater demands on paediatric and nursing 

aff at district maternity hospitals who 
el duty bound to give babies a chance 

1d to provide at least short-term inten- 
ve care until help is forthcoming from 

e regional centre. 

This manual of neonatal intensive care 
will enable the resident paediatrician to 
adure his punishment on the neonatal 

ut with much = greater confidence. 

eonatal medicine, far from being highly 
ecialised, is the last bastion of the general 
1ysician. A knowledge of physiology of 
€ different organ systems during adapta- 
on to extrauterine life is very necessary 

‘d enough is included in this book to 

‘Ip the resident understand the common 

onatal disorders. The author has 

anaged to cram virtually all the topics 
evant to neonatal intensive care into 
«0 small pages and keep the text readable. 

The chapters on resuscitation and 

spiratory disorders are particularly 

Ipful, with a lucid account of the use of 

sisted ventilation. One of my 

sessional-compulsive behaviour traits is 
it I cannot pass flow diagrams without 
cing every stream of arrows from their 
urce to destination; some of the author’s 
mpositions were a problem. I narrowly 
aped becoming trapped in the 2-page 
read of guided missiles which showed 
at to do when an infant deteriorates on 
ventilator. Dr Pickering’s chapter on 

«ngenital heart disease is instructive; did 

«u know that each of the major types of 
inotic congenital heart disease begins 
h the letter ‘T’? 

Bkt is clear that the author has spent 
ich time by the incubator resolving 
1ical problems, and this excellent book 
itains the nuances of neonatal care that 


s rarely found elsewhere; for me that is- 


2 of its greatest strengths. It will 
«ongly appeal to resident paediatricians. 


My only complaint is that the cover of 
the book is pink! I suppose this was 
necessary for balance because throughout 
the text babies are referred to as ‘he’. May 
I urge the publishers to go the whole hog 
and produce the next edition in an appro- 
priate shade of blue? 


MALCOM CHISWICK 


Paediatric Pracfice in Developing Coun- 
tries. By G J Ebrahim. Macmillan 
Tropical Community Health Manuals. 
General Editor J Grant. (Pp. 321 includ- 
ing index; illustrated- tables. £12-00 
paperback.) Macmillan: London. 1981. 


This book is intended primarily for district 
medical officers in developing countries 
responsible for organising and adminis- 
tering district mother and child health 
services. It provides accounts of the 
background to paediatric disease in 
developing countries followed by sections 
on specific infections and diseases of 
systems. These last chapters contain 
accounts of the epidemiology and the 
pathogenesis of disease, and variable 
amounts of instruction on the diagnosis 
and treatment of individual conditions. 

The doctor in a developing country is 
confronted by the dilemma of how to 
divide time between the organisation of 
preventive medical services and the treat- 
ment of sick patients. There is a similar 
dilemma here in that the author seems 
undecided whether to write on the 
management of acute paediatric disease 
or on the organisation of paediatric 
health care. The management of specific 
conditions is dealt with somewhat patchily. 
There is no account of tetanus; bronchio- 
litis gets all-embracing treatment; tuber- 
culous meningitis is dealt with in two brief 
paragraphs. Some treatment regimens are 
unusual and confusing (especially for 
digoxin on pages 236 and 238). The parts 
relative to paediatric services seem to lack 
practical detail. Nutritional rehabilitation 
services and under fives clinics occupy only 
half a page each although we are told that 
‘the importance of the under fives’ clinic 
... has not been sufficiently appreciated’. 
The final section which covers ‘Provision 
of care’ is so crucial that it demands more 
than the final 7 pages. 
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‘authoritative reviews 


This book is one of a series of manuals 
available at a reduced price in developing 
countries; this is good. Nevertheless, 
despite the price and clear, attractive 
layout, those wondering whether to buy it 
would be wise to see it first so as to decide 
whether it really would be of value in their 
paediatric practice. 

ELIZABETH POSKITT 


Recent Advances in Paediatrics 6. Edited 
by D Hull. (Pp. 264 incl. index; illustrated 
+tables. £17-00 hardback.) Churchill 
Livingstone: Edinburgh. 1981. 


The difficulties encountered in reviewing 
this book in no way reflect on its qualities. 
Since paediatrics is an age-related rather 
than a system-related specialty the reader 
will most appreciate those chapters which 
deal with his own particular interests 
within the specialty. However, the appear- 
ance of a new numter of Recent advances 
in paediatrics is an event for all paedia- 
tricians in the UK and for many abroad. 
This maintains and, in many ways, 
improves on the standards of earlier 
numbers in scope and in the quality of the 
contributions. 

In twelve chapters the volume contains 
of aspects of 
paediatrics as diverse as interpretation 
of perinatal mortality statistics, reviews of 
clinical practice in its scientific basis in 
neonatal paediatrics, paediatric cardio- 
logy, chronic diarrhoeal disease, liver 
disease, and malignant diseases in child- 
hood. Other contributions include 
thoughtful reviews of diabetes of child- 
hood, the role of immunology in paedia- 
trics, and chronic central nervous system 
disease in childhood. It is also valuable to 
the paediatrician of the 1980s to have a 
discursive chapter on the place of health 
education. It is perhaps one of the out- 
standing features of this volume that it 
provides such a critical review of many of 
the most controversial aspects currently 
in paediatric practice. The first chapter on 
problems and interpretation of perinatal 
mortality statistics treats the subject with 
a delicate and informed scepticism and 
should be required reading for individuals 
or groups discussing priorities for health 
care and who draw facile conclusions on 
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‘crude data. I particularly appreciated the 
chapter by N R C Roberton on develop- 
ments in neonatal paediatric practice 
which seemed to review an astonishing 
= amount of information within the scope 
of 38 pages. No chapter falls below the 
standard which earlier volumes have led 
us to expect. 

A special mention should be given to the 
chapters on chronic diarrhoeal disease in 
older children by Anne Ferguson, current 
developments of chronic liver disease by 
Alex P Mowat, and advances in paediatric 


cardiology by Olive Scott, for their 
educational value to the general 
paediatrician. 


The very best review articles tend to be 
those which least resemble a catalogue of 
disorders and thereby are most selective 
of those aspects of the subject in which the 
most important advances have been made, 
or seem likely to be made. Perhaps the 
most catalogue-like chapter is that on 
chronic central nervous system disease in 
childhood. 

This book is well produced and in most 
instances the references are remarkably 
up to date; the uniform style of editing 
makes the volume easy to read without 
applying constraints to the writers. In his 
preface David Hull states that with each 
new edition the editor has to ask the 
question ‘is there still a need for this type 
of view’. The answer is undoubtedly yes, 
given such a felicitous choice of topics and 
authors and such a high standard of 
editing. All paediatricians would benefit 
from reading this book and none would be 
disappointed. 

J SYME 


Sexually Abused Children and their 
Families. Edited by P P Mrazek and C H 
Kempe. (Pp. 271 incl. index; illustrated 
-+-tables. £12-50 ($25-00) hardback.) 
Pergamon: Oxford. 1981. 


At an absolute minimum 3 per thousand 
children in the UK have been sexually 
abused at some time in their childhood; 
this was the conclusion drawn by Mrazek, 
Lynch, and Bentovim from a survey they 
conducted by questionnaire and which 
they report in chapter 4 of this book. 


Despite this, well over two-thirds of the 143 
British paediatricians replying to the 
questionnaire had never seen a case; the 
authors suggest that there is a denial and 
avoidance of child sexual abuse similar 
to the attitudes of professionals towards 
physical abuse 20 years ago. 

It seems that those of us who have a 
responsibility for child care have a lot to 
learn about the sexual abuse of children 
and this book is a good place to begin. 
There are contributions on various aspects 
of the problem by 18 authors, most of 
them colleagues of the editors in Denver, 
Colorado, and the subject matter, which 
is based mainly on American experience 
and practice, is arranged in five parts: 
recognition, the law, psychodynamics, 
treatment, and prognosis. The sections on 
the British survey and on the medical 
management are perhaps the most 
helpful for British paediatricians. Because 
most of the contributors are American 
psychiatrists and social workers the style 
and language will be difficult for British 
medical readers to understand. However, 
with a little effort it should be possible to 
grasp the meaning of such phrases as 
‘family § disequalizer’ and ‘spouse 
subsystem’. 

Any book on child abuse with Henry 
Kempe’s name on the cover should be 
worth reading and this one is no exception. 


A D M JACKSON 


The Sick Newborn Raby. By C J H Kelnar 
and D Harvey. (Pp. 351 including index; 
illustrated +- tables. 
Balliére Tindall: London. 1981. 


This was written by a senior registrar and 
a senior lecturer in paediatrics and they 
have tried to provide more than just an 
account of the care of normal babies 
without creating a textbook of neonatal 
intensive care. It was meant for junior 
medical staff as well as nurses and mid- 
wives taking advanced diplomas, and in 
general it fulfils its intentions. 

The opening chapters discuss the chal- 
lenge of perinatal care and prenatal 
influences on the baby, and are followed 
by chapters on resuscitation and care of 


£8.50 paperback.) 


normal babies. There is a series of chapter 
on particular problem areas-—such as los 
birthweight babies, respiratory difficulties 
nutrition, congenital malformations, birt 
trauma, jaundice, bleeding, neurologice 

problems, and infection. Short chapter 

on the large-for-dates baby, the problem: 
of coping with stillbirth, neonatal deat 

deformity, and handicap, and on perinate 
care in developing countries complete th 

main text. Chapters are followed b 
suggestions for further reading and th 

appendix includes some normal value: 

standard drug doses, a list of addresses < 

well-known paediatric societies and assc 

ciations, and two methods for assessin 
gestational age. 

The book will help a junior paediatr 
cian in a district general hospital tm 
establish a baby on a ventilator and sustai 
it at least until the flying squad tea: 
arrives, but perhaps a too detaile 
account of intravenous feeding and tt 
insertion of a central venous line is give 
On the other hand, tolazoline, a poten. 
ally hazardous drug, is mentioned in or 
sentence which gives precise dosage b 
does not mention side effects. 

This fits into a doctor’s white co 
pocket and contains many diagram 
graphs, tables, and black and wh* 
photographs, most of which show whm 
they are supposed to show. 

D G SI> 


Shorter notice 


MCQ’s in Paediatrics. By W S Uttk 
(Pp. 168; £3-95 paperback.) Churct 
Livingstone: Edinburgh. 1982. 


The booklet contains about 350 multi 
choice questions of the popular “determ 
ant response’ format in which a comm 
stem is followed by 5 independent tr 
false items. The questions are grout 
into 19 subject sections each of wh 
corresponds to a section of Forfar < 
Arneil’s Textbook of paediatrics. YE 
answers are printed on the reverse side 
the page on which the questions 
posed, which makes for easy use as wel 
easy cheating. 
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Annotations 


Blood pressure, sodium, and take away food 


Relationship between sodium and hypertension 


‘Interest in salt and its effect on blood pressure is 
waxing again™ and there is increasing evidence that 
high blood pressure may be caused by high sodium 
intake in susceptible individuals. There are two 
possible ways in which sodium may be concerned 
in the initiation of hypertension. Firstly there may 
be a primary increase in blood volume and hence in 
cardiac output,? and secondly there may be an 
increase in peripheral resistance associated with 
increased stiffness of blood vessels related to the 


` intracellular sodium content. 4 


Recent work that implicates sodium in the 
pathogenesis of hypertension is the relationship 
between hypertension and sodium flux across red 
cell membranes present in hypertensive patients and 
in their first-degree relatives,°-? and the relationship 
seen in populations, rather than in individuals, 


' between dietary sodium and high blood pressure. 
` For example, the northern Japanese eat a lot of salt 


fish and have an estimated sodium intake of 
268 mmol/day. The incidence of hypertension is 
40°%.8 In contrast, the Yanomamo Indians have a 
‘no salt? culture. ‘Among them, hypertension is 
almost unknown, and blood pressure does not rise 
with age.® As with all such epidemiological studies 
there are other differences between the urban 
Japanese and the rural Yanomamo, apart from their 
salt intake. Furthermore, the relationship between 
sodium intake and blood pressure has not been 


shown in individuals in a community.!° It is therefore - 


likely that sodium intake is related to blood pressure 
only in individuals who are susceptible for other 


. (unknown) reasons. 


The animal model of salt susceptibility is well 


developed. There are several strains of rat that will 
|. develop hypertension when fed a diet containing 


sufficient sodium." 1? : 

In addition, there is evidence that a modest 
reduction in sodium intake from a mean of 
162 mmol/24 hours to a mean of 90 mmol/24 hours 
will reduce blood pressure in mildly hypertensive 
subjects.5 The reduction of 7 mmHg is comparable 
with that seen with treatment with beta adrenergic 
blocking agents.13 Kempner long ago found that an 
intolerably low sodium-containing diet (the rice diet, 


10 mmo!/24 hours) greatly reduced blood pressure in 
severe hypertension.!4 


Development of ‘hypertension’ in childhood 


If human hypertension is related to sodium intake, 
when is this expressed? Although hypertension is 
generally treated in patients when aged between 30 
and 50 there is evidence that hypertension is present 
long before. For example, the ‘thousand aviator’ 
study showed that those who eventually had 
hypertension at age 48 were much more likely to 
have ‘been in the higher echelons of the blood 
pressure distribution at entry to the US Air Force at 
a mean age of 24.15 Zinner et al. demonstrated that 
children aged 4 to 14 with fairly high blood pressure 
on first examination were more likely to be in the 
upper centiles for blood pressure at follow-up 4 and 
8 years later. This suggests that children are ‘getting 
on track’ for blood pressure by age 4. If the correla- 
tion coefficient of blood pressure measurements 
repeated at yearly intervals is taken as a measure of 
tracking (tracking coefficient), this reaches a maxi- 
mum of 0-7 by age 18.1” The Brompton study showed 
that the tracking coefficient is 0-46 at four years and 
0-2 at one® There is therefore evidence that 
children are on track for blood pressure from the 
first year of life. If dietary sodium is a factor in the 
pathogenesis of hypertension, pediatricians have a 
responsibility to warn children and their parents 
about the risks of excessive sodium intake. 


Sodium content of processed foods 


As a recent article about salt in Time stated, ‘The 
diamond crystal has become the demon crystal and 
the number 1 food fear’.1® There may be more 
justification for this than for most food fads, since 
the sodium content of processed food can be 
considerable, and greatly in excess of a similar diet 
cooked at home from raw ingredients. The consumer 
may not necessarily be aware of this, because the 
sodium is present as sodium glutamate added to 
improve flavour or as sodium nitrite as a preservative 
rather than as sodium chloride. For example, one 
average sized potato contains 0-2 mmol sodium, but 


one cup of instant mashed potato contains -. 
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21 mmol.!® The sodium content of all prepared foods 
should therefore be incorporated in the label among 
the other constituents and additives. However, the 
leaders in sodium content are take away foods. A 
well-known brand of hamburger and chips contains 
97 mmol of sodium per portion, and of fried 
chicken 75 mmol per portion.1* One small Chinese 
take away meal contained 225 mmol of sodium, or 
nearly twice the average adult daily intake.*5 

The take away food business is booming as our 
social patterns change. In America, whose habits 
the rest of the developed world frequently follow, 
McDonald sells 700 million pounds (3-18 x 108kg) 
of hamburger, and 542 million bushels (1-9x 10° 
litres) of fries per year.1® Although the occasional 
hamburger will do no harm, some children seem to 
live on a diet of hamburger and chips, and it is their 
parents whom we should counsel. Particularly at 
risk are those who are likely to develop hyper- 
tension or atheromatous cardiovascular disease— 
that is the obese, diabetics, and those with a family 
history of cardiovascular disease. Other important 
risk factors in teenagers may be smoking and taking 
the contraceptive pill. 

Paediatricians have long been aware of the risks 
of excessive sodium content in infant feeds. They 
should now realise that the sodium content of older 
children’s diets is important too. 
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Please wash your hands 


Few doctors and nurses going about their day-to-day 
work would consider their hands posed a threat to 
their patients. Yet, bacterially speaking at least, they 
may do just that. It is possible that paediatricians, so 
often faced by the double incontinence of extreme 
youth, do more justice to hand washing than their 
colleagues in other disciplines. On the other hand, 
discreet observation in a neonatal intensive care 
unit over many years has convinced me that slipshod 
washbasin practice—by professors and probationers 
alike—is common; and handwashing all too often 
goes by default altogether on other wards where 
infants and children are nursed. Recent recording of 
the patterns of this important function in two 
American medical intensive care units showed that 
hands were washed after patient contact less than 
half the time, physicians being among the worst 
offenders. This lack of hygienic principle—or, in 
transatlantic idiom, this ‘low level of mysophobia’+— 
was suggested as one of the most important reasons 
for hospital-caused infection. The role of the 
attendants’ hands in transmitting bacteria to patients, 
suspected by Semmelweis and others more than a 
hundred years ago, is now well known.” The 
liberal use of antimicrobial agents in intensive care 
units means these bacteria are often multiply 
antibiotic-resistant. . 

The skin is generally thought of as harbouring a 
resident and a transient bacterial flora;® the former 
multiplies there and. can be cultured repeatedly, the 
latter is present for only short periods. The nature 
and number of residents and transients may differ 
between individuals and various body sites, but 
nearly everybody carries Staphylococcus epidermidis, 
micrococci, and diphtheroids as resident flora all 
over the body. The transient organisms on the 
hands, acquired by contact with the environment, 
are more likely to have a Gram-negative component, 
particularly among hospital staff; and it is the skin 
under and around the finger nails which carries the 
highest number of organisms. The transient flora 
can be largely removed by washing with ordinary 
soap and running water, or even by friction and 
running water alone.’ 8 Use of antiseptic solutions 
is necessary to reduce the resident flora.? However in 
tests among nurses simulating handwashing which 
used a skin colouring dye, parts of the thumb and 
areas of the finger tips were found to be missed by a 
sizeable number; and right hands tended to be 
washed less effectively than left hands, presumably 


by the right handed.?° Even the most careful hand 
wash may be totally negated by those who turn off 
contaminated taps or raise.a bin lid to discard their 
used paper towel with those same washed hands, 
both incredible but all too common hospital 
mistakes. Occasionally admittedly elbow taps are so 
badly placed that it is almost an impossibility to 
move them with the elbow; and foot pedals raising 
the lids of waste bins may be defective. It is to be 
hoped that efficient foot-operated taps will have 
high priority in future hospital design. Washbasins 
too should be without overflow pipes which are 
impossible to clean, and frequently a source of 
Pseudomonas aeruginosa. In most hospitals the 
communal nail brush and the roller towel have been 
discarded years ago. Disposable paper towels should 
be covered by an effective dispenser. Bar soap should 
not stand in wet dishes, and such containers are 
rarely necessary. The soap bays of washbasins 
though need to be kept clean and dry. 4 

Much careful work has been done on the effect of 


“antiseptic preparations on the resident flora.!? 18 


Testing under laboratory conditions however does 
not always equate with in-use testing;!4 and this 
may be accentuated when handwashing has to be 
done very frequently as in neonatal intensive care 
units. Nurses working in such units sometimes find 
that the repeated use of solutions—such as hexa- 
chlorophane, chlorhexidine, and povidone-iodine— 
has an irritant effect on the skin of their hands. 
When ablutions were -performed as many as 100 
times in an 8-hour shift, an actual increase in the 
bacterial count both before and after hand washing 
was found when a chlorhexidine preparation had 
been in use for one week. Damaged skin is known 
to be more heavily colonised, and Gram-negative 
bacteria may become established there as resident 
flora, leading to outbreaks of infection.1® Squamous 
particles carrying viable bacteria are dispersed into 
the air as hands are washed with ordinary soap, and 
only the bacterial dissemination is reduced when 
antiseptic lotions are used. A hand lotion containing 
alcohol, glycerol, and chlorhexidine used instead of 
handwashing prevents either occurring.” This 
practice, which may save a little time and money,1® 
might perhaps be safely substituted for handwashing 
when its frequency has to be very high, but it is clear 
that more work needs to be done at the cot (or 
incubator) side in neonatal units on this all important 
practical issue. Loosely fitting disposable plastic 
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gloves may be worn in such units, and we do not 
know whether they have a beneficial role in protecting 
the patient, nor if their use might actually increase 
bacterial numbers on the wearers’ hands, as happens 
for instance with tightly fitting surgical gloves. 
Meanwhile paediatricians (of all ages) would do well 
to remember that effective hand washing before and 
after attending to their patients, wherever they 
are nursed, should be considered a sine qua non of 
safe care. 
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Natural history of egg hypersensitivity 


RODNEY P K FORD AND BRENT TAYLOR 


Department of Paediatrics, Christchurch Clinical School of Meaicine, Christchurch Hospital, New Zealand 


SUMMARY ‘Twenty-five children with clinical egg hypersensitivity, confirmed by double-blind 
challenge, were followed for between 2 and 23 years. Clinical egg hypersensitivity was found to have 
resolved in 11 children but was persistent in 14. Skin prick test reactions to egg were initially of 
equivalent size in the resolved and persisting groups, but became negative or diminished in size with 
resolution of clinical egg hypersensitivity, while remaining positive in the group with persisting 
symptoms. Symptoms after egg ingestion were categorised as cutaneous, gastrointestinal, respiratory, 
and angioedema. The adverse reactions of the resolved group were either cutaneous or gastrointesti- 
nal symptoms. The persisting group had multisystem involvement and most of them developed 
angioedema and respiratory symptoms. These differences may be useful as prognostic indicators in 


clinical egg hypersensitivity. 


Immediate hypersensitivity to hen’s egg protein has 
been estimated to occur in about 0-5% of the 
childhood population and in about 5% of atopic 
children.1 One of the first descriptions of idiosyn- 
crasy to egg was given by Schloss* who described a 
14-month-old boy who developed urticaria and 
facial oedema immediately after ingesting egg. 
Schloss clearly showed that the boy had a specific 
skin hypersensitivity to egg protein. Other manifesta- 
tions of egg hypersensitivity are a red blotchy rash, 
laryngeal oedema, wheezing, nausea, vomiting, and 
abdominal pain. 

The relationship of eczema to egg ingestion is 
less clear although instances of egg precipitating 
eczema are recorded? and a double-blind trial of 
dietary elimination has shown a beneficial effect on 
infantile eczema.* 

The natural history of egg hypersensitivity is 
poorly documented. Ratner and Untracht! com- 
mented that the incidence of egg allergy wanes with 
age, and Stuart and Farnham?® described 3 children 
to illustrate the variation in the outcome of egg 
hypersensitivity. 

This study was undertaken to follow the natural 
history of egg hypersensitivity in children and relate 
its prognosis to clinical history, skin prick tests, and 
serum radio allergosorbent test (RAST) to egg 
protein. 


Patients and methods 


Twenty-five children were diagnosed as having 
acute clinical egg hypersensitivity by double-blind 
challenge. This comprised all 17 children with 


positive egg challenges from an earlier study! and 8 
additional children identified by the same challenge 
procedure. The children, 20 boys and 5 girls, were 
followed up after an interval of 2-24 years from the 
initial challenge studies. Their ages at the initial 
study ranged from 7 months to 92 years, median 
age 17 months. Initial challenges were done in 
hospital, but subsequent challenges to determine 
evidence of persisting or resolved egg hypersensitivity 
were done at home or in hospital depending on the 
severity of the initial reaction. Egg hypersensitivity 
was assumed to have resolved when a whole egg 
could be eaten with no apparent symptoms, 

At initial study all the children except one had 
associated eczema, 20 (80%) had asthma or allergic 
rhinitis, and 21 (84%) had positive prick tests to 
at least one inhalant allergen. Twenty-two (88 %) 
had been breast fed at least partly and in 16 (64%) 
there was a history of milk hypersensitivity. 

Twenty-two (88%) had histories of adverse 
reactions after their first exposure to egg. Facial 
angioedema, a blotchy erythematous rash or 
urticaria on the face, and sometimes on the body, 
were the most common manifestations of egg hyper- 
sensitivity. Twenty (80%) children had some 
combination of these cutaneous symptoms, 15 (60%) 
had vomiting, abdominal pain, or diarrhoea, and 
10 (40%) had respiratory symptoms including 3 with 
laryngeal oedema, 7 with coughing or choking, 4 
with allergic rhinitis, and 3 with wheezing. 

Symptoms occurred within 30 minutes of egg 
ingestion in 19 (76%), between 30 to 90 minutes in 
5 (20%), and in one child after 10 hours. 
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Skin prick tests were performed at enrolment and 
at follow-up with Bencard allergens to egg, milk, and 
control, and to the inhalant’s house dust, house 
mite (Dermatophagoides pteronyssinus), and rye 
grass. These tests were done on the back with a 23 
gauge needle. The same batches were used at 
enrolment and follow-up. Repeat testing with a 
fresh batch at follow-up confirmed the repro- 
ducibility of the skin tests and potency of the stored 
allergens. 

Specific IgE to eggs and milk was measured by the 
RAST (Phadebas, Pharmacia) at follow-up only. 
All the specimens were measured at the same time 
with the same batch of reagents, and thus radio- 
immune assay counts could be used for analysis as 
well as RAST scores. Total IgE was measured by 
paper radioimmunosorbent test (PRIST) (Phadebas, 
Pharmacia), and IgG, IgA, and IgM by a nephelo- 
metric method. No blood was obtained from 2 
children. 

Statistics were done using Wilcoxon’s rank sum 
test and Fisher’s exact test. P values refer to the rank 
sum test unless specified. 


Results 


Between 2 and 24 years after initial study clinical egg 


hypersensitivity had resolved in 11 (44%) but was 
persistent in 14 (56%). Factors associated with 
resolution of adverse symptoms after egg ingestion 
were assessed (Table 1). 


Ages. At the start of the study there was no difference 
between the ages of the children in the two groups 
(P>0-05), but assuming egg hypersensitivity had 
been present since birth, there was a significant 
difference in the number of years of egg allergy 
between the groups at follow-up (P<0-01). 


Symptoms. The symptoms produced by egg ingestion 
differed greatly between the two groups. The 
resolved group had only one system affected in their 
adverse reaction to egg, either cutaneous manifesta- 
tions or vomiting. Only one child reacted with 
facial oedema and none had respiratory symptoms. 
However, the persisting group had multiple-system 
involvement frequently with angioedema and 
respiratory symptoms (P<0-005) (Table 2). The type 
of reaction remained unchanged during the follow-up 
period although 5 children had less severe reactions 
than at enrolment. At follow-up no child had a 
stronger reaction than at the initial study. 


Skin prick tests. Twenty-three children had positive 
reactions to the skin prick test to egg at the 














Table 1 Clinical features of children with egg hypersensitivity 
Case Age at Duration of Egg prick test RAST Symptoms with egg ingestion 
start hypersensitivity weal size (mm) score 
E a pee Se a a aes Cutaneous Gastro- Respiratory 
Years Months Years Months Start Follow-up Follow-up intestinal 
Resolved hypersensitivity 
1 0 6 3 0 8 6 2 RU — — 
2 0 7 2 0 6 0 0 R — — 
3 0 7 3 0 10 2 0 R — — 
4 0 9 3 0 16 6 2 U — — 
5 0 11 2 0 3 0 I = Vv — 
6 I 0 3 0 9 0 0 ORU — — 
7 Í 2 3 0 3 G — = v — 
8 I 6 3 0 7 1 0 == y — 
9 1 7 4 0 9 2 4 U — — 
10 2 7 3 0 3 0 0 U — — 
11 3 2 5 0 7 0 2 — y — 
Persisting hypersensitivity 
12 0 7 2 lI 4 12 — ORU — Rh W 
13 0 8 3 l 8 12 4 OR Y — 
14 0 10 3 5 6 10 3 — — CRh 
15 I 0 3 11 16 9 3 R V C 
16 1 5 4 3 9 25 4 R a LC 
17 9 9 12 4 4 7 2 OE y — 
18 1 8 4 4 20 12 4 OR Yy — 
19 2 1 4 li 8 9 3 ORU P CLRh 
20 3 3 5 6 14 8 2 OR VDP C 
21 3 8 6 3 12 6 2 ORU DP Rh W 
22 5 4 7 ii 5 7 4 OR P CLW 
23 6 10 9 3 7 8 3 OR V P C 
Egg prick test negative 
2 1 3 9 0 0 0 ORU P — 
25 I 6 4 3 0 0 0 —- VDP — 





O=angioedema; R=rash; U=urticaria; E=eczema; V=vomiting; D= diarrhoea; P=abdominal pain; L=laryngeal oedema; C=coughing; 


Rh = rhinitis; W = wheezing. 
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Table 2 Differences in symptoms between groups with resolved and persisting egg hypersensitivity 


Symptoms with egg ingestion 








Cutancous Angioedema 
No (%) No (%) 
Resolved egg hypersensitivity (a =11) 7 (63) 1 (9) 
Persisting egg hypersensitivity (n=12) 11 (92) 9 (75) 
P values* NS <0-005 


Mere than one 





Gastrointestinal Respiratory system involved 
No (%) No (A) No (%) 

4 (36) 0 (0) 0 (0) 

9 (75) 9 (75) 11 (92) 

NS <0-005 <0-O061 





*By Fisher's exact test. NS—not significant. 
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Figure Egg skin prick weal diameter at enrolment and 
at follow-up. Bars denote arithmetic mean; closed circles, 
persisting group; open circles, resolved group; open 
squares, Skin test negative children. A weal diameter of 
less than 3 mm considered as negative. 


Weal diameter {mm} 


enrolment: all 11 in the resolved group and 12 of 
those with persisting symptoms at follow-up. Weal 
diameters were not significantly different between 
the two groups at enrolment (P>0-1). At follow-up 
all but 2 children in the resolved group had negative 
prick tests, while the group with persisting egg 
hypersensitivity maintained their positive prick 
tests (P<0-001). The 2 children with negative skin 
prick tests at both enrolment and follow-up had 
persisting symptoms (Figure). 

There were no differences between the two groups 
in the rate of positive inhalant or milk prick test 
reactions. 


Immunoglobulins. Throughout both groups there 
was a good correlation between RAST to egg and 
egg prick test weal diameter (r=0-69), when radio- 
immune assay counts were considered. However this 
correlation was increased to r=0-71 when RAST 
scores were used due to a clustering effect caused by 
the grouping. It was further raised to r=0-74 by 
grouping skin prick diameter sizes in grades. The 
2 children in the resolved group with positive prick 
tests had correspondingly positive RASTs. 

The total IgE levels tended to be higher in the 
persisting group at follow-up but this was not 
statistically significant, P>0-05. There were no 
differences between the groups in the levels of IgG, 
IgA, and IgM. 


Prick test negative group. The 2 children with 
negative skin prick tests to egg but with a clinical 
egg hypersensitivity differed from the prick test 
positive children in several ways. As well as having 
negative egg prick tests they were the only children 
in whom there was a change of timing of the adverse 
reaction. Initially their reactions occurred within 
30 minutes but at follow-up the onset was not until 
3 or 4 hours. Their reactions were mainly gastro- 
intestinal although Case 24 had cutaneous symptoms 
in the first 2 years. In both responses to RAST to 
egg were negative. 


Discussion 


Skin testing of foods is generally considered to be 
unreliable.” Perhaps this is because the scratch test 
has been used which is less sensitive than the prick 
test, or perhaps small reactions have been over- 
read. Others have found that skin prick testing with 
food allergens is helpful®®?° although it depends 
on the type of food tested.“ 

The clinical significance of positive egg tests is 
unknown. About half of children with eczema have 
positive egg tests! although this varies from 12 %1? to 
86°18 depending on patient selection and the 
criteria used for reading the tests. Although a positive 
egg prick test does not necessarily imply a clinical 
sensitivity, if clinical sensitivity exists then this study 
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shows that the egg prick test may be a useful guide 
in following its course. 

The 2 children with resolved egg hypersensitivity 
but persisting egg prick tests had been able to 
tolerate egg clinically for only a few months and 
had decreasing weal sizes. There seems to be an 
interval between the disappearance of clinical and 
skin sensitivity. Skin prick weal size at enrolment 
did not give any indication of the clinical course. 

We found that RAST results for egg discriminated 
less well between the two groups than prick tests, 
but this is contrary to the findings of Gavani et al.14 
This may be because the RAST is a more sensitive 
measurement and persists after clinical sensitivity is 
lost and after the prick tests become negative. The 
two children (Cases 9 and 11) who had inappro- 
priately high RAST scores for skin tests both had 
very high IgE levels, 5800 and 3020 IU/ml. This 
may have affected the RAST scores. Total IgE 
levels were otherwise unhelpful. 

The number of years of egg allergy differs between 
the two groups. If children tend to outgrow their 
allergies then one would expect the resolved group 
to have been older than the persisting group. This 
was not the case and thus supports the observation 
that egg hypersensitivity is likely to persist in children 
who retain a positive egg prick test and in those 
children whose symptoms include angioedema or 
respiratory symptoms, or in those who have more 
than one system affected by the adverse reaction. 

Egg hypersensitivity has often been regarded as 
contraindicating immunisation with attenuated 
measles virus vaccine. During this study several 
children were immunised with chick fibroblast 
cultured measles vaccine without any adverse local 
or systemic reaction, which confirmed earlier 
reports!5-17 on the complete safety of measles 
vaccine in egg-hypersensitive individuals. Acute 
reactions to measles vaccine have been reported in 
children who were not hypersensitive to egg.!8 In 
contrast, influenza and probably other vaccines 
which are produced in ovo have caused serious 
systemic reactions in egg-hypersensitive individuals.” 

Angioedema, respiratory symptoms, multiple 
system involvement, and persistence of a positive 
egg skin-prick test may be useful as prognostic 
indicators of egg hypersensitivity and may reduce 
the need for frequent challenges with egg. Further 
follow-up is necessary to determine the natural 
history of the persisting group and to ensure that 
there is no reappearance of egg hypersensitivity in 
the resolved group. Also a prospective longitudinal 
study is needed to test the reliability of these pro- 
posed prognostic indicators. 
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Phenobarbitone dosage in neonatal convulsions 


ROBERT A OUVRIER AND ROBYN GOLDSMITH 
Department of Neurology, Royal Alexandra Hospital for Children, Camperdown, New South Wales, 


Australia 


SUMMARY In order to find the optimal dosage schedule of phenobarbitone for neonatal convulsions, 
four groups of patients were studied. Twelve infants (group 1) received a mean phenobarbitone dose 
of 9-5 mg/kg a day given intramuscularly for 3 days followed by 5-8 mg/kg a day given intra- 
muscularly and then orally. Six infants (group 2) received a mean intravenous loading dose of . 
9-5 mg/kg followed by 6-8 mg/kg a day given intramuscularly or orally. Nine infants (group 3) 
received a mean loading dose of 14-9 mg/kg intravenously followed by a maintenance dose of 
5-9 mg/kg a day. Thirteen patients (group 4) received a mean intramuscular loading dose of 15-2 
mg/kg followed by 5-9 mg/kg a day. Blood samples were taken regularly and phenobarbitone 
levels were determined by gas liquid chromatography. A mean intravenous or intramuscular 
loading dose of 15 mg/kg of phenobarbitone safely achieved therapeutic levels within 2 hours of 
injection and high therapeutic levels were maintained with a dose of 6 mg/kg a day. 


Despite the fact that phenobarbitone has been in 
clinical use since 1912 and is widely regarded as the 
drug of choice for the management of convulsions 
in the neonate, recommended dosage schedules 
have varied widely.4-5 Few authors provide pharma- 
cokinetic data to support their recommendations 
and even in the well-researched studies of Jalling® 
and Painter et al.’ dosage recommendations have 
been ‘unsatisfactory either because of difficulty in 
predicting dose serum level relationships or because 
of excessively high mean blood levels. In this paper 
are reported the results of systematic studies of 
phenobarbitone dosage in the convulsing neonate 
with resultant recommendations for the appropriate 
use of phenobarbitone in this age group. 


Patients and methods 


The patients were divided into four groups receiving 
varying dosage regimens as follows: 


Group 1. Twelve infants aged between 1 and 5 
(mean 3-5) days whose birthweights were between 
2000 and 3905 (mean 3145) g received a mean dose 
of 9-5 mg/kg a day given intramuscularly in two 
divided doses for 3 days. The dose was then reduced 
to a mean of 5-8 mg/kg a day given intramuscularly 
or orally. The aetiology of the seizures was: birth 
hypoxia 2; subarachnoid haemorrhage 1: Poland 
syndrome 1; ventricular septal defect and cerebral 
embolism 1; idiopathic 7*. 


Group 2. Six infants aged between I and 25 (mean 
10-2) days and weighing between 1650 and 3580 
(mean 3053) g received a mean loading dose of 9-5 
mg/kg intravenously followed by a mean mainten- 
ance dose of 6-8 mg/kg a day given intramuscularly 
for at least the first 6 doses and then orally or intra- 
muscularly. The first maintenance dose was given 
12 hours after the end of the infusion. The aetiology 
of the seizures was: birth hypoxia 2; hydrocephalus 
and congenital heart disease 1; prematurity and 
intracranial haemorrhage 1; recurrent hypoxia due 
to tracheo-oesophageal fistula 1; idiopathic 1*. 


Group 3. Nine patients aged between 1 and 18 
(mean 5-1) days and weighing between 1650 and 
3980 (mean 3066) g received a mean loading dose of 
14-9 mg/kg intravenously followed by a mean 
maintenance dose of 5-9 mg/kg a day given intra- 
muscularly or orally in two divided doses. The 
aetiology of the seizures was: birth hypoxia 3; birth 
trauma and hypocalcaemia 2; congenital heart 
disease 2 (one with hypoparathyroidism and 
one with intracranial haemorrhage); intracranial 
haemorrhage 1; idiopathic 1*. 


Group 4. Thirteen patients aged between 1 and 22 
(mean 5-5) days and weighing between 1520 and 
4085 (mean 2891) g received a mean loading dose 
of 15-2 mg/kg given intramuscularly followed by a 
mean maintenance dose of 5-9 mg/kg a day given 
*Further clinical details are available on request. 
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orally or intramuscularly in two divided doses 
starting 12 hours after the loading dose. The aetiology 
of the seizures was: birth hypoxia 3; prematurity and 
sepsis 1; meningitis 1; cerebro-hepato-renal syn- 
drome 1; chromosome defect 1 ; intracranial haemor- 
rhage 1; congenital heart disease and hydrocephalus 
1; congenital ascites, hypocalcaemia, and ventricular 
tachycardia 1; congenital hemiparesis 1; idiopathic 
2“, l 

Patients were in neonatal intensive care units at 
the time of the study. Blood samples were collected 
at regular intervals by heel prick, venous, or arterial 
sampling. During intravenous infusions of pheno- 
barbitone, the heart and respiratory rate were 
carefully monitored. Apart from drowsiness, no 
deleterious effects were noted. Plasma phenobarbi- 


tone levels were measured in batches by gas liquid 


chromatography using an adaptation of the method 
of Kallberg et al.8° and employing 0-1 ml aliquots 
of frozen plasma. The coefficient of variation of the 
assay was 4-2% at an actual concentration of 
Syg/ml (20 umol/l) and 5-4% at 20ug/ml (80 
-umol/l). e 


Results 


The plasma levels of phenobarbitone achieved by 
the various therapeutic regimens are plotted in 
Figs 1 to 4. Fig. 5 is a graph of mean levels achieved 
in groups 1-4, 


Phenobarbitone concentration (ug/mi) 


Fig. | 





3 4 5 
Time after initial dosage. (day) 


In group 1, infants achieved a mean plasma level 
at 24 hours of 7-5 pg/ml (30 umoi/l) with a range of 
5:5 to 11-5 ug/ml (22 to 46 pmol/l). At 72 hours, the 
mean level was 21 ug/ml (84 mol/l) and the range 
13-5 to 28 ug/ml (54 to 112 pmol/l). By the end of 
the first week values were similar and declined 
slowly thereafter. Thus all infants had achieved 
levels above 10 ug/ml (40 wmol/I) by 72 hours but 
only one had risen above this level by 24 hours. 

In group 2, the mean intravenous infusion of 9-5 
mg/kg produced a mean plasma level of 9 ug/ml 
(36 umol/l). There was no significant decline in 
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Fig. 2 Serum phenobarbitone concentrations in 6 infants 
of group 2. 
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Serum phenobarbitone concentrations in 12 infants of group 1. 


plasma level at 12 hours. The mean plasma level was 
19 ug/ml by 72 hours (76 pmol/l) and 20-6 ug/ml! 
(82 nmol/l) in 4 cases at one week. 

Group 3 patients achieved a mean level of 16-5 
ug/ml (66 wmol/l) within 2 hours and 17-1 ug/ml 
(68 umol/]) within 12 hours of the mean intravenous 
loading dose of 14-9 mg/kg; the level reached 21-9 
ug/ml (88 zmol/]) at 7 days and was well maintained 
at 14 days on the maintenance dose of 5-9 mg/kg. 

Group 4 patients achieved a mean level of 14-2 
ug/ml (56 umol/l) at 2 hours and 15-2 ug/ml (66 
umol/l) at 12 hours after the mean intramuscular 
loading dose of 15-2 mg/kg. On the maintenance 
dose of 5-9 mg/kg a day, the plasma levels averaged 
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Fig, 3 Serum phenobarbitone concentrations in 9 
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Fig. 4 Serum phenobarbitone concentrations in 13 
patients of group 4. 
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Fig. 5. Mean serum phenobarbitone concentrations 
at given times are plotted for each of the groups 1-4. 


Table Mean time to achieve seizure control 





Group Mean time to Mean level at Mean time to 
reach therapeutic 7 days (ug/ml) stopping fits 
levels (hours) (hours) 

1 38 21 60 

2 30 20-6 27 

3 <2 21-9 8 

4 <2 26-5 32 





26-5 ug/ml (106 umol/l) at 7 days. One patient 
developed a toxic level of 75-5 ug/ml (302 umol/D 
at one week. 


Discussion 


Pharmacokinetic parameters were not investigated. 
Values for the elimination half-life of phenobarbi- 
tone have been reported by Jalling,® Painter et al.,’ 
Pitlick eż al.,! Boreus et al. and more recently by 
Duffy et al.!? and Fischer et al!” The elimination 
half-life was of the order of 104 hours after 2 weeks 
of treatment and decreased to about 45 hours after ~ 
4 weeks in one study.’ In Duffy’s study the half-life 
declined from 112 hours at 5 days to 70 hours at over 
7 days (Duffy, 1981, personal communication). The 
elimination half-life is shorter in preterm dysmature 
infants.14 The volume of distribution of the drug is 
between 0-71 and 0-97 litres per kg in both term and 
preterm infants.® 1¢ i 

The recommended therapeutic range for pheno- 
barbitone in older individuals is 10-25 ug/ml 
(40-100 umol/l). This range is based on studies of 
patients with chronic seizure disorders!® and there 
have been few attempts to correlate serum levels 
with seizure control in patients with seizures of very 
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recent onset. The assumption was made that the 
therapeutic range is the same in both clinical situa- 
tions. Jalling® studied a small number of neonates 
and found that convulsions ceased at serum levels 
between 12 and 30 ug/ml (48 and 120 mol/l). As 
expected, there was a group of convulsing patients 
whose seizures could not be controlled despite the 
achievement of levels in this range. It is unknown 
what effect the lower plasma protein binding of 
phenobarbitone in the neonate has on the therapeutic 
range for the drug in this age group.?® 

Recently Lockman et al."” have reported studies in 
the neonate suggesting that a serum level of at least 
16-9 ug/ml was necessary tocontrol neonatal seizures. 
None of the patients in the controlled group had a 
blood level below 16-9 ug/ml (67-6 mol/l) whereas 
those with uncontrolled seizures had levels well 
above and below this level. Since there were more 
than twice as many uncontrolled patients as con- 
trolled, their series was clearly weighted by the 
inclusion of an unusual number of refractory cases. 
In our experience some patients have been controlled 
at plasma levels between 7 and 15 ug/ml (28 and 
60 mol/l). Jalling® reported similar results to our 
own. Further study is needed to define the lower 
level of the therapeutic range in the neonate. 

In the absence of firmer data, we elected at the 
start of these studies in 1975 to regard a range of 
10-25 ug/ml (40-100 pmol/l) as likely to be effective 
and non-toxic for the convulsing neonate and 
attempted to design dosage schedules that would 
result in the rapid achievement and maintenance 
of such levels with reliability. 

In a preliminary study of 6 infants given the often 
recommended dosage of 6 mg/kg a day, we showed 
that only one infant achieved therapeutic levels by 
72 hours. We therefore studied varying but higher 
dosage levels in groups 1 to 4 of the current series. 

Although group 1 patients had all achieved thera- 
peutic serum levels by 72 hours, most of them had 
subtherapeutic levels at 24 hours. Once achieved, 
serum levels were well maintained on the mainten- 
ance dose. In group 2, a mean intravenous loading 
dose of 9-5 mg/kg achieved serum levels close to the 
lower end of the therapeutic range. The mean 
loading dose of 15 mg/kg given either intravenously 
as In group 3 or intramuscularly as in group 4 
achieved excellent therapeutic levels, almost im- 
mediately in group 3, and within 4 hours in group 4 
(confirming the work of Jalling®). The levels were 
well maintained on the maintenance dosage of 
about 6 mg/kg a day for the duration of the study. 
Because of the occasional finding of unexpectedly 
high levels we recommend that a serum level 
should be taken on days 3 and 7 to estimate 
progress. 


In line with the observations of Volpe? no serious 
side effects occurred. Many babies appeared 
lethargic and heavily sedated but it was often difficult . 
to separate the effects of the anticonvulsant from 
those of the underlying disorder. One infant who 
had suffered hypoxic seizures secondary to inhalation 
of gastric contents secondary to an H-type tracheo- 
oesophageal fistula had a further episode of inhala- 
tion within a few hours of an intravenous loading 
dose of phenobarbitone. He suffered no serious 
sequelae and made a complete recovery after correc- 
tive surgery. No infant required artificial respiration 


-as a result of phenobarbitone administration, 


although several were on respirators before institu- 
tion of treatment with phenobarbitone. Because of 
the impossibility of separating the serious sequelae 
of the underlying condition from those of the 
phenobarbitone administration per se, it is difficult 
to evaluate the long-term effects of the drug itself 
on cerebral function and maternal-infant bonding. 

Against the apparently mild adverse effects of 
phenobarbitone must be balanced the serious effects 
of status epilepticus or frequent seizures on the 
patient’s ultimate neurological outcome.!8 Ex- 
perimental studies in the baboon have shown the 
damaging effects of convulsive status even in the 
presence of adequate oxygenation.!® Wasterlain?? 
has demonstrated significant disturbances in the 
brain growth of immature rats subject to com- . 
paratively minor seizure states. It is possible that 
some of the serious sequelae of neonatal seizure 
states would be preventable by earlier and more 
vigorous treatment of the convulsions. 

We therefore recommend that infants subject to 
frequently recurring or continuous seizures be 
treated with an intravenous dose of phenobarbitone 
of 15 mg/kg as soon as appropriate investigations 
for the numerous causes of neonatal convulsions are 
under way. In our experience, the suggested regimen 
of Rose and Lombroso*! of infusions of dextrose, 
calcium, and magnesium followed by an anti- 
convulsant is rarely appropriate. Although hypo- 
glycaemia and hypocalcaemia must always be 
rapidly excluded, they are now fairly rare causes of 
neonatal convulsion. 

If convulsions are not so frequent, an intra- 
muscular loading dose of 15 mg/kg may be more 
practical. In either case, the maintenance dosage 
of 6 mg/kg a day may be begun 12 hours after the 
loading dose. Serum anticonvulsant levels should 
be obtained on day 3 and day 7 of therapy. If 
convulsions have not stopped within an hour of an 
intravenous loading dose or within 2 hours of an 
intramuscular loading dose, a further dose of 
5 mg/kg of phenobarbitone might be considered or 
other anticonvulsants introduced. We are not able 


to suggest the duration of treatment on the basis of 
the present study. 

The currently recommended regimen appears to 
‘have advantages over that of Painter ef al.’ in that 
the frequent very high and possibly toxic serum 
levels achieved in that study were rarely seen by us. 
We disagree with Jalling® that it is difficult to con- 
struct rational maintenance dose schedules but agree 
that optimal dosage must be monitored by serum 
level estimations. Our results confirm that the rapid 
achievement of therapeutic levels results in earlier 
control of serial seizures in the newborn as shown 
by the shorter mean time to achieve seizure control 
in the groups given intravenous and high intra- 
muscular loading doses. The possibility that the 
higher pulse levels created by the intravenous 
loading route may have advantages over the intra- 
muscular route is currently being investigated in our 
unit. 


We thank the many physicians who allowed us to 
study their patients and helped to collect specimens, 
and Mrs D Buckley for assistance with the prepara- 
tion of the manuscript. 


This study was supported by research grants from 
the Royal Alexandra Hospital for Children. 


References 


1 Menkes J H. Paroyxsmal disorders. In: Textbook of 
chili] neurology, second edition. Philadelphia: Lea & 
Febiger, 1980: 584-5. 

2 Volpe J J, Koenigsberger R. Neurological disorders. In: 
Avery G B, ed. Pathophysiology and management of the 
newborn, second edition. Philadelphia: Lippincott, 1981: 
910-63. 

3 Forfar J O, Arneil G C, eds. Textbook of paediatrics. 
Edinburgh: Churchill Livingstone, 1978: 104-230. 

4 Freeman J M. Seizure disorders. In: Swaiman K F, 
Wright F S, eds. The practice af pediatric neurology. 
St Louis: Mosby, 1975: 862—70. 

5 Nellhaus G. Neurologic and muscular disorders. In: 
Kempe C H, Silver H K, O’Brien D, Nellhaus G, eds. 
Current pediatric diagnosis and treatment, sixth edition. 
Los Altos: Lange Medical Publications, 1980: 557—638. 

8 Jalling B. Plasma concentrations of phenobarbital in the 
treatment of seizures in newborns. Acta Paediatr Scand 
1975; 64: 514-24. 

7? Painter M J, Pippenger C, MacDonald H, Pitlick W. 


Phenobarbitone dosage in neonatal convulsions | 657 


Phenobarbital and diphenylhydantoin levels in neonates 

with seizures. J Pediatr 1978; 92: 315-9. 

Kaliberg N, Agurell S, Jalling B, Boreus L O. Rapid gas 

chromatographic determination of phenobarbital] in small 

plasma samples. Eur J Clin Pharmacol 1971; 3: 185-8. 

Ouvrier R A, Goldsmith R. Phenobarbitone dosage in the 

neonate—preliminary communication. Clin Exp Neurol 

1977; 14: 194-202. 

Pitlick W, Painter M, Pippenger C. Phenobarbital 

pharmacokinetics in neonates. Clin Pharmacol Ther 

1978; 23: 346-50. 

Boreus L O, Jalling B, Kallberg N. Phenobarbital 

metabolism in adults and in newborn infants. Acta 

Paediatr Scand 1978; 67: 193-200, 

Duffy B J, Dupont C, Aranda J V. Phenobarbital dosage 

and pharmacokinetics in newborn infants with seizure 

activity (abstract). Clin Res 1978; 26: 834. 

Fischer J H, Lockman L A, Zaske D, Kriel R. Pheno- 

barbital maintenance dose requirements in treating neo- 

natal seizures. Neurology 1981; 31: 1042-4. 

14 Royer R J, Vert P, Mur J M, Pladys J C, Humbert F, 

Royer-Morrot M J. Données pharmacocinétiques sur le 

phenobarbital. Arch Fr Pediatr 1976; 33: 905-13., 

Buchthal F, Lennox-Buchthal M A. Phenobarbital. 

Relation of serum concentration to control of seizures. 

In: Woodbury D M, Penry J K, Schmidt R P, eds. 

Antiepileptic drugs. New York: Raven Press, 1972: 

335-43. 

16 Ehrnebo M, Agurell S, Jalling B, Boreus L O. Age 

differences in drug binding by plasma proteins: studies 

on human foetuses, neonates, and adults. Eur J Clin 

Pharmacol 1971; 3: 189-93. . 

Lockman L A, Kriel R, Zaske D, Thompson T, Virnig N. 

Phenobarbital dosage for control of neonatal seizures. 

Neurology 1979; 29: 1445-9. l 

Aicardi J, Chevrie J J. Convulsive status epilepticus in 

infants and children: a study of 239 cases. Epilepsia 1971; 

11: 187-97. 

19 Meldrum B S, Horton R W, Brierley J B. Epileptic brain 
damage in adolescent baboons following seizures induced 
by allylglycine. Brain 1974; 97: 407-18. 

2 Wasterlain C G. Neonatal seizures and brain growth. 
Neuropadiatrie 1978; 9: 213-28. 

22 Rose A L, Lombroso C T. Neonatal seizure states. 
Pediatrics 1970; 45: 404-25. 


bea 


= 


I 


o 


1 


j 


1 


to 


1 


a> 


i 


on 


1 


~l 


1 


w 


Correspondence to Dr R A Ouvrier, Department of 
Neurology, Royal Alexandra Hospital for Children, 
PO Box 34, Camperdown, New South Wales 2050, 
Australia. 


Received 3 March 1982 


Archives of Disease in Childhood, 1982, 57, 658-662 


Variation in the composition of breast milk during 
the first 5 weeks of lactation: implications for the 


feeding of preterm infants 
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Department of Child Heaith, St George’s Hospital Medical School, London, and 
Department of Research, Milupa AG, Friedrichsdorf, W Germany 


SUMMARY Milk samples were collected from 10 mothers by a standardised technique with complete 
expression of both breasts at each feed for 24 hours. Samples were obtained at 8 intervals during 
the first 36 days of lactation. Analyses were performed for trichloroacetic acid-precipitable protein, 
total protein, lactose, triglycerides, phospholipids, cholesterol, energy, sodium, potassium, calcium, 
magnesium, zinc, copper, pH, and osmolality. The results give a comprehensive picture of the 
development of milk composition from transitional to mature milk. The most striking feature of 
the results was the high degree of variation observed both between samples from the same mother 
and between samples from different mothers on the same day of lactation. 


The variability of the composition of human milk is 
well known. Not only does the concentration of 
many nutrients change as lactation progresses!—$ but 
milk composition also varies between women,? 3 
between the beginning and end of a feed,* and 
between reflex drip milk and expressed milk.® This 
variability is seldom critical for term infants but 
could result in inadequate nutrition in preterm 
infants fed with breast milk. Human milk is advo- 
cated by several authorities for feeding preterm 
infants, especially those who are small and 
immature. ” There may -be immunological advan- 
tages in this®® but the uncertainties of nutrient 
composition lead to difficulties in clinical manage- 
ment. These are likely to be aggravated by the 
present practice of encouraging the exclusive use of 
the mother’s own milk if possible!® since the 
variations in a single source of breast milk are likely 
to be greater than in pooled samples. 

Most breast milk fed to preterm infants is obtained 
by manual expression or by the use of a breast pump. 
There have been many reports of the composition of 
milk obtained in this way but few have examined the 
changes which occur in longitudinal samples, or have 
analysed the cross-sectional variability with reference 
to the needs of preterm infants. The purpose of this 
paper is to report the composition of breast milk 
obtained by standard technique in a group of 
mothers during the first 5 weeks of lactation, and to 
examine its adequacy as a source of nutrients for 
preterm infants. 


Materials and methods 


Breast milk samples were obtained from healthy 
mothers of term infants on the Ist, 3rd, 5th, 8th, 
15th, 22nd, 29th, and 36th days of lactation. The 
first day of lactation was defined as the first day of 
production of transitional milk, and was either the 
second or third day after delivery. All the mothers 
breast fed their babies, but on the study days they 
completely expressed both breasts into sterile con- 
tainers at each feed using an electric breast pump. 
An aliquot was removed immediately for analysis 
and the remainder fed to the baby as required. 
Samples from each 24-hour period were pooled and 
stored at —20°C until analysed. 

Analyses of energy, osmolality, and dry weight 
were performed on whole milk samples. Energy was 
measured on freeze dried samples by ballistic bomb 
calorimetry. The bomb calorimeter was calibrated 
using sucrose. Osmolality was measured using an 
Advanced freezing point osmometer, Model 3W, 
calibrated with NaCl. The pH of the milk samples 
was measured in 2 ml homogenised samples using a 
radiometer pH meter equipped with an appropriate 
micro electrode. 

Sodium, potassium, zinc, and copper were 
measured by atomic absorption spectrophotometry 
on a Pye Unicam SP9 spectrophotometer. A 
modification of the dilution method described for 
serum samples by Dawson and Walker!” was used. 
It was not possible to measure whole milk samples by 
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this method, and the samples were therefore centri- 
fuged at 2000 rev/min for 10 minutes to remove the 
fat, and all analyses were performed on skimmed 
milk (about 7% of the potassium, sodium, 
calcium, magnesium, and zinc is present in the fat 
and 11% of the copper). After centrifugation all the 
skimmed milk was removed and vortexed to ensure 
that no material had settled to the bottom of the 
tube. Samples were then diluted with deionised 
water as appropriate. All stages were followed with 
duplicate samples and also a water blank to ensure 
that there was no contamination. Analyses were 
repeated if there was a difference greater than 5% 
between duplicates. Samples for copper analysis were 
diluted 1 in 10, for zinc 1 in 20, for potassium 1 in 
100, and for sodium 1 in 100 or 1 in 1000 depending 
on the sodium concentrations of the sample. 
Standards of sodium, potassium, zinc, and copper 
nitrate were prepared daily. 

Calcium was measured on duplicate samples of 
skimmed milk by a binding assay with ortho- 
cresol-phthalein using a Technicon AA2 system. 
The samples were prepared as described above and 
measured undiluted. Magnesium was measured on 
duplicate samples of skimmed milk on a Pye 
Unicam atomic absorption spectrophotometer using 
a continuous flow-through system. Sampies were 
prepared as described above, and it was necessary 
to dilute samples with high magnesium concentration 
1 in 2. 

For the remaining analyses thawed samples were 
homogenised in a Dounce type normal tissue 
grinder and appropriate aliquots were immediately 
pipetted into the final reaction tubes to perform the 
different assays and isolation procedures. 

Triglycerides were determined from 250 ul 
portions of milk using a commercially available 
enzymatic test kit (Boehringer, Mannheim, FRG). 
Lipid extraction, determination of total phospho- 
lipids, and cholesterol assay were performed as 
described previously.43-5 Lactose was analysed 


enzymatically. 0-4 ml milk was pipetted in 4 ml 
deionised water and deproteinised by adding 0-1 ml 
trichloroacetic acid (TCA) (3 mol/l). After a 10- 
minute incubation period samples were neutralised 
using NaOH (0-25 ml, 3 mol/l) and brought to a 
final volume of 20 ml using deionised water. 0-1 ml 
diluted and deproteinised milk samples were used for 
lactose analysis. Total protein was measured by the 
Lowry method.!® The validity of this method was 
previously confirmed by applying the micro- 
Kjeldahl method to a series of human milk 
samples. Non-protein-nitrogen was calculated from 
the difference in total protein and TCA precipitable 
protein + 6-38 (TCA concentration in the reaction 
mixture was 7.5%). 


Results 


The results obtained for each sample were tabulated 
as shown in Table 1 for total protein. The mean 
concentration + standard deviation (SD) was 
estimated for each day for all components analysed, 
and the results are given in Tables 2a and 2b. 

The results of individual samples showed con- 
siderable variation both longitudinally (samples from 
the same mother on different days) and cross- 
sectionally (between different mothers on the same 
day). Table 3 was therefore drawn up to examine the 
range of variation which occurred. Rows 1 and 2 
give the absolute range, from the lowest concen- 
tration in any one sample to the highest concen- 
tration, estimated over the entire period studied. 
Results in rows 3 and 4 are restricted to samples 
obtained on or after day 8, because before this time 
there is a rapid change in concentration of many 
components, as the milk changes from transitional 
to mature. After day 8 there are still changes in 


_ composition of the milk but at a reduced rate. Since 


preterm infants often receive pooled milk donated by 
mothers of term infants we examined the range of 
concentrations which might be found in pooled 

















Table 1 Concentration of total protein in breast milk (g]100 ml) 
Mother Day of lactation 

l 3 5 8 15 22 29 36 
A 3-66 1-98 1-88 1-52 1-49 1-4 1-42 1-4 
B 3-07 2.16 2-0 2-2 2-58 1-99 1-78 1-78 
c 2-14 1-83 1-75 1-82 1-47 1-49 1-48 1-5 
D 2-54 2-02 1-91 1-82 1-6 1-66 — 1-2 
E 2-02 1-87 1-53 1-42 1-2 1-75. 1-82 hais 
F 3-94 2-07 2-09 1-74 1-44 1-63 1-56 1-82 
G 4-6 2-32 1-7 1-69 1-33 1-3 — 1-16 
H 2-2 1-93 1-66 1-63 [+43 1-4 1-48 1-29 
I 2-79 2-15 2-14 2-06 1-79 1-48 1-56 1-37 
J 2-58 1-53 1-56 1-35 1-26 1-0 0-94 1-08 
Mean 2°95 1-99 1-82 1-73 1-56 1-51 1-5 1-4 
SD 0-86 0-22 0-21 0-27 0-4 0-27 0-27 0-26 
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samples of milk. This was determined by taking the 
mean value of 4 milk samples with the lowest 
concentration of each component and the 4 samples 
with the highest concentrations. Thus the concen- 
tration of components in pooled milk is likely to lie 
between these limits. 

Results in rows 5 and 6 are also taken from data 
obtained on or after day 8. Since one sample was not 
necessarily representative of all the milk produced by 
any one mother, a longitudinal mean was estimated 
from samples produced on days 8, 15, 22, 29, and 36 
by each mother. This gave the average composition 


Table 2a Concentration of milk components (mean + SD) 


of milk produced by each mother during this period. 
Rows 5 and 6 give the minimum and maximum 
values + SD from the 10 mothers, for each 
component analysed, 

A small preterm infant weighing 1000 g would 
receive about 180 ml of milk a day. We therefore 
examined the results with reference to the concen- 
tration of nutrients that such an infant would receive 
daily. The results are shown in Table 4. Using the 
figures obtained for mean values of pooled milk from 
Table 2, we estimated the lowest and highest con- 
centrations which would be obtained daily by a 











: Day TCA Total Non-protein Lactose Triglycerides Phospholipids Cholesterol Energy 
protein protein nitrogen (@/100 mi} (2/4100 ml) (mg{i00 ml) (mg{100 mi) {kcai{100 ml) 
(g/I00 mi) (g/100 ml) (¢/i00 ml) 
1 2:31 40-64 2-95 + 0-86 0-1 +0-07 4-0740-98 2-1440-86 39-08 + 11:44 36-64+ 15-03 554 5-24 
3 1-62 40-17 1-99+0-22 0-0640-02 4-98 + 0-76 3-01 -4+ 0-77 40-24 + 8-24 30-29 + 8-36 60+ 7-95 
5 I-41 40-25 1-82 40-21 0-06 4+ 0-02 5-1340-54 3-064 0-45 39-464 4-49 27-03 4 3-97 63 + 4-89 
8 1-38 + 0:28 1-73 40-27 0:05 +0-01 5:38 +0-97 3-73 +407 44:79 4 8-23 27-47 + 9-04 64+ 4-89 
15 1:244+0-38 1-56 +0-42 0:05 +0-01 5-42 +0-76 3-59 + 0-86 39-73 + 11:27 23-64 + 8-95 63 + 10:23 
22 1:22 40-24 1-51 40-27 0-05 40-03 5-3440-96 3-87 40-68 40-444 8-4 22-114 6:03 634 5-52 
29 1-23 40-25 1-5 +027 0-05-4003 4-01 41-13 4-O1 41-13 41-26 + 9-41 22-61 + 5-53 61 4 6-63 
36 1:09 4-0-29 1-4 £6-26 0-0540-03 5-34 4- 1-31 4-OL + 1-2 40-67 412-46 22-76+ 6-54 614 9-06 
Table 2b Measurements of pH, osmolality, minerals, and trace elements (mean +- SD) 
` Day pH Osmolality Sodium Potassium Magnesium Calcium Copper Zinc 
l Gnosmol{kg)  {(mgli00 mi) (mg{100 mD  {(mg]i00 ml)  {mg}]i00 mi) (12/700 ml) (ugz{i00 ml) 


f 7-6 +40:32 293 + 7-55 63-54 28.7 62-8 + 13-9 
3 7-6 40-52 293 + 6-82 43.9 +147 72:14 94 
5 7-4 + 0-52 288+ 7-61 36-7 417-2 741-4 + 10-2 
8 7-1 +054 291 + 7-65 40-9 4 31-3 64-3 4 8-6 
15 7-0 4:0-58 283 + 12-11 25-04 11-1 59-3 + 10-4 
22 7040-59 2864+ 12-09 29-8+ 18-1 54-74 7-7 
29 7-2 +068 289+ 5-1 39-3 + 36-4 54-3 + 8-9 
36 7-14 073 2894 3-45 33-6 4 20-8 54:34 73 


3-25 4 0-73 23:52 + 7-28 41-98 + 5-84 775 + 133 


3-69 + 0.75 23:0 + 5-96 47-76 + 12-16 451 4 132 
3-62 + 0-75 23-04 + 584 48-18 + 10-88 390 + 123 
3-79 $4 1-29 21-08 + 4-92 43-13 + 13-45 332 4 127 
3-38 + 1-14 18-56 4 4-16 43-89 + 12-74 281 4+ 116 
3-11 + 0-92 17:94 + 3-44 39°56 + 12-38 233 + 131 
3:35 4 1-06 17-24 4 5-0 35-34 + 10-91 171 + 115 
3-47 4: 1-12 17-8 46-22 34-42 +4 9-26 171 + 92 





Table 3 Range of variation of milk components during lactation (see text) 





TCA Total Non-protein 
protein protein nitrogen 
(g/100 ml) (g]100 ml) (g{l00 mi) 


Lactose Triglycerides Phospholipids Cholesterol 
(g]100 mi) (g/100 ml) (mg{100 ml) (mg]100 ml) 





Concentration min. 0-64 0-94 0-6! 2-34 0.82 _ 23 14-4 

range max. 3-53 4-6 0-i1 6-8 6-36 69-4 48-5 
Poo! of 4 milks min. 0-77 1-04 0-01 3-07 2-49 28-0 15-6 
max. 1-85 2-21 0-08 6-91 5-74 65-0 4i-5 
Longitudinal mean min. 0-82 + 0-14 1-13 40-17 0:02 40-01 4-33 +0-95 2-744 0-2 30-15 +1-89 18-99 4+ 5-8 

max. 1-76 + 0-27 2-074 0-34 0:08 + 0-02 6-44 4+ 0-37 5-57 4 0-68 63-93 + 4-29 36-65 + 10-07 

Osmolality Sodium Potassium Calcium Magnesium Copper Zinc pH Energy 
(mosmoljkg)  (mg]i00 mi)  (mg]100 mi)  (mgji00 mi)  (mgji00 mi) — (ug/100 ml) (pg/100 ml) (kcal/i00 ml) 
220 10-8 45-7 12-2 1-85 14-3 45-1 6 38 
310 126-1 80-6 32-7 6:34 68.5 935.1 8-5 80 
259 12-3 47-8 12-6 1-64 20-8 57-0 6-15 47 
300 93-6 75 28-6 5-57 58-8 432-1 8-32 75 
278 + 14 13-54 1-8 Sil + 7-8 144-442-57 2-04 4+ 0-33 24.54 8-9 112 + 59 6-15 40-17 512 + 9-5 
292 + 1:3 70 441-1 70-745-3 27-3 41-42 5-32 +0-67 53:949-2 444 + 88 8-22 + 0:22 72-6 + 5-0 


Table 4 Theoretical intake of a 1000 g infant from the milk samples analysed 


Magnesium Copper Zinc 


Cholesterol Energy Osmolality Sodium Potassium Calcium 


Non-protein Lactose Triglycerides Phospholipids 


Total 
protein protein nitrogen 


TCA 
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1000 g baby receiving 180 mi milk. Also shown is the 






l re = recommended daily intake of nutrients for which 
a = E A data are available, for a 1000 g baby. | 
gre NRE 
CE- N Discussion 
The milk analysed in this study was collected by a 
Bn x standardised procedure designed to minimise vari- 
Fi P = ations between samples caused by the time of 
n g collection or differences between fore milk and hind 
T milk. The method of collection used was the same as 
Sa a 5 that followed by mothers who express milk for a> 
E agg a milk bank, or for feeding to their own infants who 
are too ill or too small to suckle; therefore the milk 
a analysed in this study was identical with that which 
#8 g g would be received by infants in such circumstances. 
S The most striking feature of the results was that 
Souno there was a large degree of variation in composition 
E SX between samples. Because of the careful standard- 
F isation of collection procedures we believe the 
a variation in results reflects the variable. composition 
Bota of breast milk as it is expressed. 
E $ Ñ Results in Table 3 show the range of values 
kei obtained for milk composition during the period of 
E 2 g study. It can be seen that in nearly every case, the 
E maximum value obtained was more than twice the 
minimum, and in the case of triglyceride content 
k the maximum was 8 times the level of the minimum. 
BS S In some cases, such as protein concentration and 
a it sodium and zinc content, there is known to be a 
rapid decrease in concentrations during the first 
week of lactation, from the high levels in colostrum 
2+ © and transitional milk to lower levels in mature milk; 
Aas thus in a study of samples over a period from the 
onset of lactation to the 36th day there would be - 
expected to be a large difference between samples 
~o 3 Ë obtained at the beginning and end of the period as 
Š + ò can be seen in the first two rows of Table 2. For this 
reason the remaining rows in Table.2 consider only 
ag results obtained on or after day 8; thére was however 
w ag still considerable variation in the zinc and sodium 
content of samples during this latter part of the study 
period. 
#g 4 Examination of the longitudinal mean + SD for 
ü ó ó each mother in the final row of Table 3 showed that 
although there was variation between samples 
a 8 & tc obtained from any one mother this was not as great 
oo oe o as the variation between samples from different 
eer mothers on the same day of lactation (Table 2). 
ee S If we consider the needs of the preterm infant, it is 
z es, 3 known that human milk may satisfy a number of 
5p & » BS? P så important criteria—such as.protein and fat digesti- 
SBSE 588 Pee bility}? and the immunity conferred by antibodies 
Bo 22 gee pees _wees==and leucocytes present in breast milk.* However, 
BS66 SEEBREE LW bécatise of the varying nature of breast milk com- 
a m VA o>} pasition demonstrated here and by others? 17—29 it 
Q on 
a aa a. i= 
ie = “Wy re | 
i a ` E 
A e P Pees N “ 
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may not satisfy the nutrient needs demanded by a 
fast growing preterm infant. From the figures for the 
requirements of a fetus in the last trimester of 
pregnancy (Table 4) it can be seen that all samples of 
breast milk fall short of the requirements for calcium 
and magnesium, and a proportion are inadequate in 
protein, copper, and zinc. Some milks however, 
provide an excess of nutrients which may be 
damaging to the immature digestive and metabolic 
systems of a preterm infant. 

In conclusion, milk samples obtained by stan- 
dardised collection procedures were analysed to 
determine -how the composition develops and 
changes during the first 5 weeks of lactation. 
Considerable variation was observed both between 
subjects and between samples taken from the same 
mother. Since milk expressed in this way is often fed 
to preterm infants, either from pooled samples in a 
milk bank, or from individual samples, we have 
considered this variation in relation to the require- 
ments of a preterm infant. Results suggest that even 
with pooled samples it would be difficult to obtain 
standardised feeds of human milk, and without 
analysis it would be impossible to predict whether 
an infant was receiving adequate concentrations of 
essential nutrients, or whether some were present in a 
dangerously high concentration. 

It would therefore be ideal to provide some form 
of quality control for milk donated to milk banks to 
ensure that the major nutrients were present in 
concentrations suitable for the needs of the infants 
receiving the milk, 


We thank Dr I R F Brown and Elsa Hutchinson for 
help with the analyses, and Professor O Humke, 
Dr G Linke, Dr E Lattermann, Dr O Ruff, and 
Dr Werner for help with collection of milk samples. 
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Enteropathy complicating maintenance therapy in 
acute lymphoblastic leukaemia 


I J LEWIS, D MAINWARING, AND J MARTIN 
Regional Unit of Paediatric Haematology and Oncology, Department of Child Health, Alder Hey 


Children’s Hospital, Liverpool 


SUMMARY Seven patients being treated for acute lymphoblastic leukaemia between March 1976 
and March 1981, in accordance with Medical Research Council protocols, developed clinical 
malabsorption while-on maintenance chemotherapy. All of them received weekly methotrexate 
and 6 of the 7 were given co-trimoxazole. Five patients had folate deficiency. Stopping the anti- 
leukaemic therapy led to a resolution of gastrointestinal symptoms. A combined effect of metho- 


trexate and co-trimoxazole is postulated. 


Many of the drugs used in treating acute lympho- 
blastic leukaemia (ALL) cause gastrointestinal 
symptoms, particularly nausea and vomiting. 
Methotrexate commonly causes mucositis and 
occasionally diarrhoea; it has been shown to alter 
jejunal morphology! and, more recently, has been 
implicated in causing impaired xylose absorption in 
childrehi with leukaema.2 Sporadic reports have 
appeared implicating methotrexate in causing a 
clinical malabsorption syndrome.® 

Seven children with ALL exhibited clinical and 
biochemical criteria of malabsorption while on 
maintenance therapy, which included regular weekly 
methotrexate. 


Patients 


In the 5 years to March 1981, 81 children were 
diagnosed as having ALL at this hospital. The 
majority of patients were treated according to 
Medical Research Council UK ALL trials. Forty- 
five were treated with maintenance regimens using 


intermittent methotrexate, 6-mercaptopurine (6-MP) 
cytosine arabinoside, vincristine, and prednisolone. 
(UK ALL IV, UK ALL V ‘intermittent’, and UK 
ALL VI). Thirty-six were treated with regimens 
using weekly methotrexate, 6-MP, vincristine, and 
prednisolone (UK ALL V ‘continuous’, UK ALL V 
‘gaps’, and UK ALL VHD (Table 1). ' 

During this time 7 of the patients on maintenance 
therapy, including weekly methotrexate, presented 
with gastrointestinal symptoms that suggested a 
severe enteropathy. Six of these patients were 
entered into UK ALL trials. The first patient was 
initially entered into UK ALL IV but after 18 
months was changed to UK ALL V (gaps) main- 
tenance treatment. Two patients were entered into 
UK ALL V (1 continuous, 1 gaps) and 3 patients 
inte UK ALL VIII. The other patient was too 
young at diagnosis for entry into the trials but 
followed the UK ALL V (gaps) schedule except that 
cranial irradiation was omitted and regular intra- 
thecal methotrexate substituted. 


Table 1 Maintenance drug regimens of children treated for acute lymphoblastic leukaemia 1976-8 I 





Methotrexate 


Weekly 


$$ $n arr cer cern aaah ett a a a aa 


Methotrexate dosage 


Other maintenance drugs 
prednisolone 


No of children 36 
No receiving co-trimoxazole 27 
No developing cateropathy 7 


20 mg/m? per dose 


6-mercaptopurine, vincristine, 


Intermittently 


10-15 mg/m? per dose 
3-5 day course given 
3-4 weekly 
6-mercaptopurine, cytosine arabinoside, 
vincristine, prednisolone 
45 
31 
0 


(6 receiving co-trimoxazole) 
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Six of the patients with malabsorption received 
co-trimoxazole (4-8 mg/kg a day) as prophylaxis 
against Pneumocystis carinii. 


Methods 


Small-bowel biopsies were performed using a Crosby 
capsule. Mucosal disaccharidase activities were 
estimated by a semi-quantitative assessment after 
incubation with sugar. Standard 1l-hour blood 
D-xylose absorption tests were performed in patients 
weighing less than 30 kg.4 Serum and red cell folate 
measurements were by radioassay kit (Quanta- 
mateTM! B-12/folate, Bio-Rad Laboratories). 


Clinical details (Table 2) 


The onset of gastrointestinal symptoms varied 
between 6 weeks and 33 months from diagnosis. 
The 3 children treated with the more intensive UK 
ALL VIII induction regimen (Cases 5, 6, and 7) 
presented before completing their first 12-week 
maintenance cycle. Although the symptoms of 2 
of them (Cases 6 and 7) started before normal 


maintenance treatment, these were initially mild and 
remitting and were thought to be due to the more 
toxic nature of induction. Their symptoms gradually 
worsened and investigations were performed 15 
(Case 6) and 11 (Case 7) weeks after initial diagnosis. 

All the patients presented with similar symp- 
toms of anorexia, intermittent vomiting, bowel 
disturbance including steatorrhoea and abdominal 
distension. All exhibited pronounced weight loss 
and none had oral ulceration. The 4 patients whose 
clinical symptoms developed later had been on 
maintenance treatment for longer than 6 months. 
They exhibited a period of poor weight gain for 
between 4 and 16 months before the onset of 
gastrointestinal symptoms. 


Results 


The patients were investigated for evidence of 
bacterial, viral, or protozoal infection. Case 1 was 
found to have Escherichia coli O86 in his stools on 
one occasion. This particular organism is reported 
as causing infantile gastroenteritis but does not 
generally cause symptoms in older children. None 


Table 2 Clinical details and investigative findings of children with acute lymphoblastic leukaemia having symptoms 








of malabsorption 
Case Age at Sex Time between Clinical Weight -hour Serum Red cell Decrease Marrow Small-bowel 
diagnosis diagnosis presentation loss {kx} blood folate folate in Hb morphology biopsy 
(years) and onset of (% of D-xylose GQng{i} (meil) level 
symptoms body (mmol/l) (normal {normal (g/dl) 
(months) weight) 3:5-12) 200-700) 
l 2.9 M 33 Lethargy, anorexia, 34 40-7 NT NT 2 Megalo- Normal 
loose offensive (22°%) blastic 
stools changes 
| Myelo- 
poiesis 
2 5-5 F 30 Anorexia, intermittent 2-1 4 0-9 4.7 235 None Normal Abnormal 
vomiting, abdominal (10%) normal normal 4 Villous: 
distension, pale i crypt ratio 
loose stools 1:3:1 
$ Cellularity 
3 3-0 M 8 Anorexia, intermittent [-8 1 0-7 + 1-0 460 4 3 Megalo- Abnormal 
vomiting, abdominal (12%) blastic 4 Villous: 
distension, loose changes crypt ratio 
offensive stools 1:2:1 
i 4 Cellularity 
4 0.9 M 18 Anorexia, abdominal 1-3 40-2 4 2-6 NT N Normal Abnormal 
distension, inter- (10%) | Villous: 
mittent diarrhoea crypt ratio 
lzi 
5 14.5 F 4 Anorexia, lethargy, 8-0 NT {1i | 64 14 Megalo- NT 
pale offensive stools (18%) blastic 
changes 
6 7-5 M 2h Anorexia, intermittent 8-9 NT 4 1-0 NT 4 Megalo- Abnormal 
í vomiting, freguent (309%) blastic } Villous: 
pale offensive stools, changes crypt ratic 
angular stomatitis, } Red blood 1-3:1 
smooth tongue count ¢ Cellularity 
precursors 
7 7-0 M 1} Anorexia, abdominal 3-7 { 0-5 41:0 J 62 1 4 Megalo- Normal 
distension, loose (21%) blastic 
stools changes 





|} Abnormally low value, NT = not tested, 
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of the other patients had evidence of concurrent 
infection. 


Haematological findings. Five patients each had a 
significant fall in haemoglobin concentration after 
the onset of symptoms, 2 needing blood transfusions. 
All 5 had megaloblastic changes present in bone 
marrow. Only one had any evidence of white cell 
depression and none had peripheral white cell or 
platelet counts. that would have normally neces- 
sitated a reduction in drug dosage. 


Folate studies. Serum folate was low in 5 of the 6 
children tested and red cell folate was low in 3 of 
them. The one patient whose levels were within 
the normal range was not recelving co-trimoxazole. 


One hour D-xylose test. Five patients were tested 
and all had abnormal values indicating malabsorp- 
tion. Cases 5 and 6 were not tested as each weighed 
more than 30 kg at diagnosis and there is no evidence 
that this investigation is accurate in children over 
that weight.4 


Small-bowel biopsy. Six children had successful 
biopsies and 2 of these were normal. The 4 abnormal 
biopsies showed a varying degree of sub-total villous 
atrophy (Figure). Increased cellular infiltrate was 
present in 2 biopsies and one showed decreased 
cellularity. 

Two of the patients had decreased lactase activity 
but no other evidence of disaccharidase deficiency 
was present. 





Figure Jejunal biopsy specimen from Case 4 before 
maintenance therapy was stopped, showing sub-total villous 
atrophy. H & E stain. x 30. 


Patient follow-up 


Cases I and 2 had neared completion of their main- 
tenance treatment when they presented with gastro- 
intestinal symptoms and their therapy was stopped. 
The condition of both patients improved quickly 
and each exhibited rapid catch-up growth and 
weight gain. Case 2 had a repeat small-bowel 
biopsy 6 months later which showed complete 
resolution of previous changes. 

Cases 3 and 4 stopped receiving methotrexate but 
continued with their other chemotherapy. Clinical 
symptoms resolved within 3 weeks in one and within 
4 weeks in the other. Case 3 continued on the same 
regimen but has recently had methotrexate intro- 
duced in a modified dosage. He also receives folic 
acid supplements. 

Case 5 stopped treatment for 4 weeks and her 
gastrointestinal symptoms gradually resolved. She 
was then restarted on 6-mercaptopurine, low-dose 
methotrexate, and co-trimoxazole with folic acid 
supplements. 

Case 6 required a prolonged period of nasogastric 
tube feeding with an elemental diet, folate, and vit- 
amin supplements. His symptoms stopped and a 
normal diet was reintroduced. Chemotherapy was 
restarted after a 6-week gap. He was reinduced with 
vincristine and prednisolone followed by normal 
maintenance therapy of 6-mercaptopurine and 
methotrexate. Co-trimoxazole has been continued 
with folate supplements. 

In Case 7 methotrexate was stopped for a period 
of 2 weeks with gradual improvement of his symp- 
toms. He was restarted on methotrexate in reduced 
dosage with folic acid supplements, and subse- 
quently has gained weight. 

All 7 patients have remained symptom free in 
complete remission. 


Discussion 


Gastrointestinal symptoms are common in patients 
receiving cytotoxic drugs but generally occur acutely 
after drug administration and are often regarded as 
unavoidable consequences of these agents. The 
patients described in this report experienced a more 
insidious, but severe enteropathy. 

It is not surprising that the rapidly dividing cells 
of the small intestinal epithelium are at risk of 
damage when exposed to chemotherapeutic agents. 
The effects of the folate antagonists aminopterin 
and methotrexate on gastrointestinal epithelium 
have been studied extensively. Trier! showed pro- 
nounced abnormalitiesin mucosal ultrastructure when 
studying changes induced in human small-intestine 
after a single intravenous dose of methotrexate, 
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light microscopical examination demonstrated 
little change apart from a decrease in cellular 
mitotic rate. Craft et al? demonstrated functional 
xylose malabsorption in children with ALL treated 
with weekly methotrexate. In that study the degree of 
malabsorption was shown to increase in relation to 
the cumulative dose of methotrexate. However, 
none of the children had clinical symptoms of 
malabsorption apart from slow growth. 

Clinical malabsorption appears to be rare with 
most cancer chemotherapy. One of the very few 
reports® of a clinical enteropathy attributed to 
methotrexate suggested that gut toxicity might be 
related to an abnormally efficient enterohepatic 
circulation of methotrexate producing epithelial 
damage as a result of high intraluminal levels of the 
drug. Other work has failed to support the proposal 
that methotrexate-induced damage affects its own 
absorption." 

While accepting that methotrexate causes sub- 
clinical malabsorption and that clinical malabsorp- 
tion may rarely occur in children treated for 
leukaemia, we did not observe any case before the 
first patient in this series, despite a long clinical 
experience of this agent. The subsequent identifica- 
tion of 6 other children with similar presentations in 
a short period has necessitated a search for additional 
or an alternative explanation. 

All the patients described here received weekly 
oral methotrexate. Animal studies® support the 
contention that a period of a week between metho- 
trexate doses is not sufficient to allow recovery of 
intestinal function, particularly in the presence of 
folate depletion when there is an enhanced suscepti- 
bility to toxic mucosal damage. 

Five of our patients had definite folate deficiency 
and a sixth had megaloblastic marrow changes. 
Furthermore, 4 patients exhibited sub-total villous 
atrophy. The question arises whether the folate 
deficiency resulted from toxic, mucosal damage 
similar to that seen in coeliac disease, or whether 
the folate deficiency induced mucosal damage.’ 

Long-term co-trimoxazole was introduced into 
our routine clinical practice after Hughes et al. had 
shown its effectiveness as a chemoprophylactic 
agent against P. carinii infection in immuno- 
suppressed patients. Both components of co- 
trimoxazole act as microbial folate inhibitors. 
Sulphonamides alone do not cause megaloblastic 
anaemia in man because mammals do not synthesise 
folate, instead requiring it as a vitamin. Trimetho- 
prim is said to be highly inhibitory to bacterial 
dihydrofolate reductase, but a concentration 50 000 
times greater is needed to produce a similar inhibi- 
tion of human enzyme.® Reports of patients given 
long-term co-trimoxazole as prophylaxis against 


chronic pulmonary or renal tract infection have 
failed to find any significant changes. in haemato- 
logical or folate status.*° +4 However, in patients who 
were already folate deficient the addition of co- 
trimoxazole has been reported as causing both an 
exacerbation of megaloblastic anaemia with failure 
to tespond to haematinics and acute pancytopenia 
with megaloblastic arrest.!* It is therefore suggested 
that the addition of co-trimoxazole to a regimen 
containing another antifolate drug, methotrexate, 
may synergistically inhibit folate metabolism in 
rapidly dividing cells and-precipitate symptoms in 
some patients. 

A previous study® failed to find any significant 
increase in clinical side effects in patients receiving 
prophylactic co-trimoxazole together with cancer 
chemotherapy. However, two problems exist in the 
interpretation of this finding. Firstly, the number of 
patients receiving both methotrexate and co- 
trimoxazole was not defined and, secondly, the 
interval between methotrexate doses was not given. 
In our experience both these factors appear to be 
relevant. 

Dietary folate deficiency has probably played a 
role in precipitating the enteropathy described in 
this report. The 3 children who presented early in 
remission had all been anorexic during the more toxic 
UK ALL VHI regimen. It seems possible that 
dietary folate deficiency may have been precipitated 
by anorexia and consequently have exacerbated the 
proposed combined effect of methotrexate and co- 
trimoxazole on the intestinal mucosa. 

Four of the patients reported here have continued 
on maintenance chemotherapy, including metho- 
trexate. In addition they receive both co-trimoxazole 
and folic acid supplements. Co-trimoxazole has 
been given because the risk of P. carinii pneumonitis 
is felt to be greater than the potential risks of 
enteropathy. Folic acid supplements have been given 
in an endeavour to prevent the adverse effects of 
the combination of these drugs. Subsequently the 
4 patients have not exhibited any gastrointestinal 
symptoms and each appears to be growing well. 

Growth deficiency has been observed in children 
treated for ALL.'* It is suggested that subclinical 
malabsorption and folate deficiency precipitated 
by weekly oral methotrexate may be partly respon- 
sible. Furthermore, the addition of other folate 
antagonists—such as co-trimoxozole and possibly 
dietary folate deficiency induced by a more toxic 
induction regimen—may precipitate the enteropathy 
observed in our patients. 


IJL and D M were supported by grants from the 
Alder Hey Children’s Hospital Leukaemia Research 
Fund. 
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Two-year study of the causes of postperinatal deaths 
classified in terms of preventability 


ELIZABETH M TAYLOR AND JOHN L EMERY 
Wolfson Unit, Department of Paediatrics, University of Sheffield 


SUMMARY A detailed pathological and psychosocial study was made of all postperinatal (8 days- 
2 years) deaths in Sheffield during a 2-year period. The cause of death was classified from the point 
of view of possible prevention. Of the total of 65 deaths, 35 were unpreventable after the perinatal 
period, but 9 might have been preventable before birth. Of the 30 other deaths, 20 had evidence of 
possible treatable disease, and for the majority of these adverse social factors could be identified. 
Proved non-accidental injury occurred in 2 children and in 3 others there was a high degree of 
suspicion of ‘gentle battering’. Only in 4 children was death unexplained and this apparently 
represents the local true unexplained cot death rate of 0- 16/1000 births. 


Confidential enquiries into infant deaths have been 
carried out in Sheffield since 1973. This earlier 
enquiry showed that at least one-quarter of the 
babies dying unexpectedly at home were suffering 
from recognisable disease. A study of these infants 
compared with age and admission matched controls 
suggested that the symptomatology, of the children 
dying at home did not differ from the symptoma- 
tology of those who were successfully treated.” In 
1976,8 we classified infant deaths as follows: 
(a) Deaths from congenital anomalies, perinatal 
causes, tumours, and hereditary degenerative disease. 
(b) Deaths from potentially treatable conditions. 
(c) Deaths during the course of a minor illness. 
(d) Deaths with no evidence of terminal illness. 
We concluded that if the deaths in groups (b) and (c) 
could be eliminated, the infant mortality rates in 
England and Wales would be similar to those in 
Holland and Sweden. 

In the present paper the earlier classification of 
infant deaths is developed to identify more accurately 
areas in which preventive action could be taken. 

From 1976 to 1979, confidential enquiries into 
infant deaths in Sheffield continued to be made in the 
DHSS Postneonatal Multicentre Study. After 
March 1979 it was decided to continue to monitor 
infant deaths in Sheffield, but on a long-term basis 
rather than as a short-term research project. It was 
also decided to include an in-depth psychosocial 
aspect in an attempt to determine underlying causes 
of inadequate health care. The results of the first two 
years are presented here. 


Materials and method 


Deaths in the age group 8 days to 2 years were 


studied during a 2-year period—I April 1979 to 
31 March 1981. Any infant whose parents’ place of 
residence at the time of his death was in the area 
administered by the Sheffield Area Health Authority 
was included. Infants were not excluded from the 
study if the place of birth or site of death was 
outside the area. The population of the area is about 
half a million and there are approximately 6000 
births each year. Notification of deaths came from 
the hospitals, or, in the case of children dying outside 
hospital, from mortuary attendants. Notification of 
deaths occurring outside the area was from. thé 
Registrar’s weekly returns. 

Full data were obtained in every case except for 
2 deaths from non-accidental injury; for these data 
were incomplete because both were subjudice for 
many months after the deaths. Information was 
abstracted from obstetric records in all cases, and 
from paediatric and casualty records if the child had 
been seen by a paediatrician or in a casualty depart- 
ment. Questionnaires were completed on all cases by 
a health visitor, and in all but 3 cases by the family 
doctor. Written reports were obtained from the mid- 
wifeon all babies still being visited at home by the mid- 
wifery services at the time of death, and from social 
workers if they had been involved with the family. A 
home visit was made about 4 weeks after every 
death except for the two from non-accidental injury 
and one death from congenital heart disease. The 
mother of the last infant left Sheffield immediately 
after her infant’s death. Most home visits were made 
by one of us; a few were made by the health visitor. 
The home visit generally lasted about 2 hours. The 
prime purpose of the visit was data collection and an 
extensive questionnaire was used. Time was also 


668 


Two-year study of the causes of postperinatal deaths classified in terms of preventability 669 


given to bereavement counselling. Necropsy reports 
were obtained on all cases except the 18 for which no 
post-mortem examination had been made. AIl the 
unexpected deaths had a full paediatric necropsy 
with relevant investigations. Most of these were 
carried out by one of us (J L E) and the rest by 
Dr S Variend. 

A case conference was held on every case. If the 
baby had died at home the conference was held 
either in the family doctor’s surgery or at a place of 
his choice and at a time to suit him. The family 
doctor was present at such conferences on all 
children who died at home except one. In that case 
the family were not registered with any GP. Case 
conferences on some hospital deaths were held in the 
GP’s surgery. If the family doctor had not been 
involved, the conference was held in the hospital. 
Paediatricians attended conferences both in the 
hospital and in the family doctor’s surgery. At the 
conference all data, including the necropsy report, 
were discussed making it possible for the primary 
health care team to plan the future health care of the 
family. At the conference the participants were 
asked to decide if the death had been ‘probably 
inevitable’ or ‘possibly preventable’, and if the latter, 
at which stage possibly successful intervention might 
have been made. Each death was then classified in an 
attempt to identify groups for which preventable 
action might have been taken. This classification is 
an extension of one previously developed,’ and is set 
out in Table 1. 


Results 


In the 2-year period of our present study there were 
12111 births. Sixty-five babies died between ages 


Table i Classification of infant deaths 





(A) Diseases with very poor prognosis 
1 Gross deformity of known mendelian determination 
2 Other gross deformities 
3 Obstetric complication (prematurity) 
4 Obstetric complication (birth injury) 
5 Tumour 
6 Hereditary degenerative disease 


(B) Deaths due to diseases occasionally fatal 
1 Disease well recognised before death and symptoms fully recorded 
2 Disease not recognised, but symptoms clearly present before death 
3 Symptoms not present. Post mortem diagnosis 
4 Minor disease and metabolic upset 


{C} Deaths in the course of diseases not normally fatal 
i Disease recognised and under treatment 
2 Disease not recognised or no treatment 
3 Gentle battering 


(D) No recognisable disease 

1 Nothing found at post mortem 

2 Old tissue damage found at post mortem. 
Non-accidental injury. 
Accident 





8 days and 2 years. Post-mortem examinations were 
performed on 47 infants, 33 being paediatric 
necropsies with full investigations. Table 2 gives the 
total number of children dying according to each 
category and place of death. 


Category A. Thirty-five (54%) of the total of 65 
deaths came into this category—that is deaths from 
conditions with poor prognosis. Three of these 
deaths were from obviously genetically determined 
conditions such as familial microcephaly. Twenty- 
one were from the other gross deformities—such 
as congenital heart defects and neural tube defects. 
There were 9 children who were potentially ana- 
tomically normal; 7 of whom were grossly preterm, 
2 of whom died as a result of birth injury. There 
was one death from tumour and one from an 
hereditary degenerative -condition (Werdnig — 
Hoffman disease). If deaths due to late obstetric 
factors are excluded, the number of probably 
inevitable deaths is 26 (39%). 


Category B. In this category, there were 20 (31%) 
deaths. Of the 5 children dying in hospital, 2 died 
with the Waterhouse-Friedrickson syndrome and- 
3 with acute infections of the respiratory tract. There 
were 15 deaths at home. Eight of these children had 
symptoms before death which could have merited 
hospital admission. These symptoms had been 
inadequately identified and inadequately responded 
to. These children died with the following conditions: 
pneumonia (n = 2); tracheobronchitis (n = 2); 
Haemophilus influenzae infection (n = 2), 
having a meningitis and the other a generalised 
infection; gastroenteritis (n = 1); respiratory tract 
infection associated with atopy (n = 1). 


Examples of deaths in category B 


BI Hospital death. This baby died at age 8 weeks with 
cerebral oedema and coning due to severe viral 
bronchitis. She was born at 31 weeks’ gestation and 
suffered from respiratory distress during the first ` 
week of life. She regained her birthweight and was 
discharged home at 16 days. At 6 weeks she 
developed a respiratory infection and was readmitted. 
For the first 2 days after admission she did not seem 
to be seriously ill. She then developed breathing 
problems and her condition deteriorated rapidly 
requiring ventilation from the second day of ad- | 
mission. Her condition continued to deteriorate. 
Respiratory syncitial virus was isolated from the 
nasopharynx. On the seventh day of ventilation, all 
tests indicated brain death and ventilation was 
stopped. 


one ` 
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B2 Hospital death. This baby died at age 5 months. ~ 
He had been admitted to hospital, mainly because 
his parents were anxious, during the evening before 
his death with a 4-day history of upper respiratory 
tract infection. On admission he was a cross, hungry 
baby with mild pyrexia. Ears and throat were normal. 
There were coarse crepitations and rhonchi in all 
areas but the percussion note was resonant. He was 
put in a steam tent and investigations were started. 
He was seen by the ward sister at 0400 hours, when 
his condition appeared good. When she passed the 
tent again 2 or 3 minutes later he was apparently 
dead. The cardiac alert team was called but resusci- 
tation was unsuccessful. The certified cause of 
death was ‘acute infection of the respiratory tract— 
unexpected death in infancy’. After full paediatric 
necropsy, the final cause of death was H. influenzae, 
bronchitis, and pneumonia. 


— 
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B2 Home death. This baby died at age 13 months. 
She developed a respiratory tract infection 4 days 
before her death and was visited by the GP 2 days 
before her death. She subsequently became increas- 
ingly lethargic and lapsed into coma. Her parents 
thought that her deep sleep was a sign that she was 
recovering and did not recall their GP. Death was 
due to Haemophilus meningitis. 


Total . 


B2 Home death. This baby, one of twins, died at age 
4 months. The mother who was 19 had 4 children all 
under age 3 years. When the twins were 3 months old 
the mother became depressed. At 4 months both 
twins became seriously ill, one with pneumonia and 
the other with gastroenteritis, both probably viral in 
origin. The mother either did not recognise their 
illness or was unable to respond to it. One twin died 
at home; the other was virtually moribund on 
admission to, hospital but eventually recovered. The 
death was registered as ‘unexpected death in infancy’. 
Full necropsy showed pneumonia, wasting, and a 
fractured rib. Much later the mother admitted to 
hitting and squeezing both twins over a long period. 


B4 Home death. This baby died at age 14-weeks. She 
was a thriving, fast growing, bottle-fed baby. A week 
before her death the father returned home on a 
short leave from Borstal training. The parents 
noticed no terminal illness. On the day of the child’s 
death, the mother accompanied the father to the 
railway station at the end of his leave. The baby was 
left in the care of a friend. Shortly after her return to 
the house the mother found her baby dead in her cot. 
Post mortem showed histological evidence of minor 
gastrointestinal disorder, a hyperelectrolytaemia of 
338 mmol/kg, with a urea level of 10-8 mmol/l]. At 
the case conference it was concluded that symptoms 


1 Disease well recognised before death and symptoms fully recorded 
2 Disease not recognised but symptoms clearly present before death 


3 Symptoms rot present. Post mortem diagnosis 


1 Gross deformity. Genetically determined 
4 Minor disease + metabolic upset 


2 Other gross deformities 
1 Disease recognised and under treatment 
2 Disease not recognised. No treatment 


3 ? Gentle battering 
2 Old tissue damage found at post mortem 


3 Obstetric complication (prematurity) 
4 Obstetric complication (birth injury) 


5 Tumour 
1 Nothing found at post mortem 


6 Hereditary degenerative disease 


Type of death 


with poor prognosis. 


Total = 35, 


Table 2 Total number of children who died during the 2-year period* and place of death 
rate/1000 = 2-89 


(B) Deaths due to disease 
occasionally fatal. 
Total = 20, rate = 1-65 
(O) Deaths in the course of 
disease not normally fatal. 
Total = 5, rate = 0-41 
(D) No recognisable disease 
Non-accidental injury 
Accident 


(A) Deaths from diseases 
*There were 12111 births 65 of whom died, giving a rate of 5-37 per 1000. 
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of the baby’s illness had not been noticed by the 
parents because of the state of crisis engendered by 
the father’s imminent return to Borstal. Death was 
registered as ‘unexpected death in infancy’. 


B4 Home death. This baby died at age 4 months. The 
mother was a young unmarried girl living alone at 
the time who was in a state of severe emotional 
distress, her boyfriend having recently left her. The 
mother noticed no terminal illness, finding her baby 
dead after a period of sleep of about 12 hours. 
Necropsy showed frank bilateral otitis media and 
slight mastoiditis, severe dehydration, and an 
osmolality of 331 mmol/kg. Death was registered as 
‘unexpected death in infancy’. 


Category C. in this study there were no deaths in the 
category Cl. 

In category C2 are children who would usually 
come under the heading of true cot deaths, but 
neither child was in any sense normal nor were the 
circumstances normal, and each child showed 
evidence of some acute disease. 

One who died at home at 7 months came from a 
well-known local ‘problem family’. The family had 
been using the baby as a means of trying to have the 
family rehoused. The investigation of this child’s 
death was unsatisfactory. The baby was found 
excessively clothed; the parents had been com- 
plaining that the house was cold and damp. The 
house was a centrally heated, modern council flat. 
Unfortunately, the temperature of the child was not 
taken at the time he was found. Post mortem showed 
many minor pathological features including bilateral 
otitis media and acute infection of the respiratory 
tract. There were many inconsistencies in the history 
given by the mother. 

The other child in this category had an unusual 
history. The mother went to America to have her 
baby. They returned when the baby was aged 5 
months and when he died 2 months later neither the 
family doctor nor the health visitor knew of her 
return to the city nor did they know of the child’s 
existence. This baby died during the course of a 
minor illness. At the home visit after this child’s 
death, the American mother explained that she had 
not used the health care services in this country 
because they were unfamiliar to her and she did not 
understand them. 


C3 Gentle battering 

Three babies were placed in this category. Deaths 
were placed in this category only after extensive 
discussion at the case conference and with the 
agreement of all those present. 


Example. A baby who died at age 3 months. There 


was a history of a previous cot death. The mother 
had a history of psychotic illness and of severe 
recurrent back pain for which she had had an 
unsuccessful laminectomy. There was a history of 
marital problems and the parents had been recently 
separated. Many different versions of the terminal 
event were presented by the parents who both 
appeared to create fantasies about their child. 
Necropsy showed upper respiratory tract infection 
only, with no evidence of severe metabolic disturb- 
ance. At the case conference it became apparent that 
the family doctor, the health visitor, the pathologist, : 
and the doctor who had visited the parents for the 
purpose of this study, had all independently 
developed grave anxieties about the nature of the 
events that had preceded this child’s death. Death 
was registered as ‘unexpected death in infancy’. 


Category D2. The two children in this category 
constituted what may be termed true cot deaths. The 
first of these children came from middle-class, 
prosperous parents, and was fully breast fed. She 
was found moribund in the back of their car at the 
end of a 5-minute journey. The only possibility of 
abnormality found at necropsy was evidence of a 
small area of tracheal dysplasia at the level of the 
carina. The other child was from a completely 
different social background. The husband was an 
unemployed labourer. The baby was very well cared 
for and was fully breast fed. The necropsy found no 
evidence of terminal disease. The only lesion found 
was vocal cord necrosis, the significance of which we 
are not yet able to assess. 

The two non-accidental injuries were both court 
convictions. 

The one accidental death occurred when the 
mother slipped and let go of the pram which ran 
under the wheels of an oncoming lorry. At the time 
of the accident the mother was suffering frem the 
effects of a neoplastic condition, for which she 
attended hospital 3 weeks later giving a history of 
symptoms which preceded her child’s death. There 
were also family and marital problems. 


Discussion 


Since infant deaths began to be monitored in 
Sheffield in 1973, the incidence and pattern of deaths 
have changed. Before 1973, the combined incidence of 
deaths from infection, accident, and cot death was 
above the national average. By 1980, it had fallen to 
well below the national average (R G Carpente 
et al, Unpublished data) (Figure). l 
The pattern has also changed. Before 1973, fewer 
than half of the deaths occurred in hospital and 
about one-third were thought to be inevitable.’ By 
1980, inevitable deaths constituted more than half 
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Possible preventable deaths 
60 {Cots infection+ accident } 





1970 7 72 73 74 75 76 77 78 79 


Figure Possibly preventable deaths (deaths certified as 
acute infections, cot deaths, and accidental deaths) 
per 10 000 births. 


(Rates for England and Wales (OPCS) and the Sheffield Area) 


the deaths although the total number was smaller. 
The greatest change was in the reduction in the 
number of unexpected deaths at home in our 
. classification B (possibly treatable). 

This investigation is a development of previous 
work. A much greater depth of information has been 
made available by holding the final case conference 
in the family doctor’s surgery and much more 
psychosocial information was obtained. 

In category A were 35 of the total of 65 deaths—- 
that is more than half of all infant deaths had 
determining factors present before the 8th day of life. 
These can be divided into two groups. Those with 
gross anatomical deformities either genetically 
determined or otherwise, which constituted about 
two-thirds of the total deaths in this category. Any 
preventive measures aimed at this group will involve 
work in the field of teratogenesis, genetic counselling, 
or fetal diagnosis. The other group of children 
(n = 9) were apparently genetically normal but had 
been so damaged by disease related to late intra- 
uterine life or to labour that they later died. These 
form a group which requires a special investigation 
on its own, related to antenatal and intrapartum 
factors. This group appears locally to be increasing 
in number associated with increase in perinatal care. 
It is obvious that any future discussion of perinatal 
mortality must include some babies dying during the 
first year of life. 

Our category B is useful principally because it is 
the one group in which conventional paediatric 
therapy has an obvious role; its importance is well 
recognised.4 5 There are many factors active in this 
group of deaths. The majority of these babies 
presented as unexpected deaths at home and they 
constituted 15 of the total 25 home deaths. Possibly 
treatable factors were present in all these children 
and these deaths must be regarded as theoretically 
the most easily preventable. This is the group in 


which there has already been the greatest diminution 
in deaths locaily.® 

There were far fewer deaths in categories C and D. 
In category C there were 5 deaths. Although there 
was some evidence that acute terminal disease was 
present in 2 of them, it was not thought to be 
sufficient to explain death and we could find no 
remediable factor. In the other 3 children, a minor 
disease was present but other evidence enabled us to 
give an explanation of death. There were only 
2 children in category D. After the most detailed 
pathological study available to us we were unable to 
explain death or find any evidence of recent illness. 
These constitute true mystery deaths. There were 
thus only 4 children for whom we have no idea about 
the cause of death—that is for whom the expression 
‘true unexplained cot death’ could be legitimately 
applied—-and in only 2 of these was there no evidence 
of acute disease. l 

In Sheffield it is the practice to use a double 
registration of death’ so that a disease process may 
be identified and the death also described as un- 
expected death in infancy (Table 3). There were 19 
deaths in Sheffield during this 2-year period that 
came within the Registrar General’s statistics of cot 
deaths. This gives a rate of 1-56 per 1000 births 
which, although lower than the national average, 
stresses the very great importance of this category of 
child death. If the unexpected deaths in Sheffield are 
regarded from the point of view of unexplained 
unexpected deaths, there are either 7 or 4 depending 
on whether the interpretation is made purely on 
post mortem findings or on a complete study 
including the psychosocial background. These give 
cot death rates of 0-58 per thousand or 0-165 per 
thousand births. The importance of these figures lies 
in the fact that the latter figure represents our 
completely unexplained cot death rate. These rates 
are very close to or even lower than the cot death 
rates in such countries as Finland and Sweden. 
We are thus able to identify a rate for what may be 
defined as currently completely unexplained deaths, 


Table 3 Distribution of deaths certified as unexpected 


death in infancy 





Classification Total Certifiedas Diedin Died at 
of death ‘unexpected hospital home 
death in 
infancy’ 
{A} 35 6 32 3 
{Bi} 4 0 4 0 
(B2)} 9 7 I 8 
(B4) 7 5 0 7 
(C3) 3 3 0 3 
(C2) 2 2 0 2 Unexplained 
(D2) 2 2 0 2 deaths 
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remembering that all of the babies who are diagnosed 
as cot deaths even in the Scandinavian countries are 
not, necessarily completely unexplained (G Von 
Sydow, 1970, personal communication). 

Non-accidental injury is now a well-known 
condition. The group that we call gently battered 
(which includes smothering) is numerically equal to 
or greater than the non-accidental injury group. 
These cases are distinguished from the unexplained 
unexpected deaths only by a joint social and patho- 
logical study. One of the reasons why we are content 
to continue to include them in the broad group of cot 
deaths is that it enables us to work with the parents 
and other subsequent children. In this group the 
holding of a case conference in the GP’s surgery is 
particularly important. Confidential information can 
be shared and plans made for the future health care 
of the family. 

The results of this study indicate the need for a 
flexible approach to the problem of child deaths, and 
hence for bringing health care to all children. We 
agree with Alberman on the need for several different 
approaches to the provision of health care in the 
perinatal period. We have shown that 9 of the 
deaths in overtly normal infants had their origins in 
the pre- or perinatal period. In attempting to 
identify zones of activity for the prevention of 


postperinatal death, a study of the late antepartum 
period is of equal importance to that of the post- 
perinatal period. A pilot study suggests to us that the 
psychosocial problems in both groups are 
remarkably similar. 7 
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Effects of oral theophylline and oral salbutamol in 


the treatment of asthma 


K P DAWSON AND D M FERGUSSON 


Department of Paediatrics, Christchurch Clinical School of Medicine, Christchurch Hospital, New Zealand 


SUMMARY A double-blind randomised controlled. trial was conducted to study the effects of oral 
theophylline alone compared with oral theophylline and salbutamol in a sample of asthmatic 
children. Each treatment was administered at maximum recommended dosage. Children treated with 
- the theophylline and salbutamol combination had higher pulse rates, lower peak flow measurements, 
and depressed blood theophylline levels. These results suggest that when given at maximum oral 
dosage, theophylline and salbutamol in combination, tend to interact negatively producing tachy- 


cardia and reduced therapeutic function. 


Concern has been expressed about the safety of 
theophylline and salbutamol when used in combina- 
tion in the treatment of asthma. This concern has 
been stimulated by recent and puzzling increases in 
asthma deaths in New Zealand.! It has been argued 
that the rise could be due to an increasing use of the 
combination of long-acting theophylline and salbu- 
tamol because of toxic effects of high Sony HDS 
dosage on the heart.+ 

To examine the effect of theophylline and al: 
butamol in combination when compared with 
theophylline alone, we conducted a randomised trial 
in which the peak flow rates, blood theophylline 
levels, and pulse rates of patients treated with 
theophylline and salbutamol were compared with 
those of patients receiving theophylline alone. 


Method 


The subjects in the trial were 30 asthmatic patients 
with an age range of 5 to 13 (mean 9-33) years who 
were regular clinic patients at the Paediatric Depart- 
ment, Christchurch Hospital. Thirteen of them were 
girls. These patients were randomly assigned on a 
double-blind basis to one of two treatment regimens: 

(1) Salbutamol and theophylline: in this treatment 
the patient received a combined oral dose of sal- 
butamol and theophylline with dosage being set at 
0-1 mg/kg for salbutamol and 7 mg/kg for theo- 
phylline. These levels were chosen because they are 
the recommended maximum dosages for children in 
this age range, and because such dosages appeared 
to be commonly prescribed. 

(2) Theophylline: in this treatment the patients 
received only oral theophylline, at a dosage of 
7 mg/kg. 


No patient on short-acting theophylline was given 
any bronchodilator therapy for a period of 12 hours 
before the start of the trial. No patient on long- 
acting preparation was given any bronchodilator 
therapy for 18 hours before the trial. 

Comparisons of the two groups with respect to 
both age and height showed no significant differ- 
ences: the mean age of the theophylline/salbutamol 
group was 9-3 years compared with the mean of 
9-4 years for the theophylline alone group; mean 
heights were 132-9 cm for the theophylline and 
salbutamol group and 134-3 cm for the theophylline 
alone group. 

Each subject was studied in hospital for a period of . 
4 hours during which time the pono WINS AD measure- 
ments were taken: 


(1) Blood theophylline was measured from blood 
samples obtained from an indwelling intravenous 
catheter before administration of the treatment and 
then at 90, 120, 180, and 240 minutes after treatment. 
Mean blood theophylline levels before treatment 
were 8-46 umol/l for the theophylline group and 
7-4umol/l for the theophylline and salbutamol 
group. 

(2) Pulse rates were monitored regularly and 
recorded at 90, 120, 150, 180, and 240 minutes after 
the treatment was given. 

(3) Peak flow rates were taken with a Wright peak 
flow meter at 90, 120, 180, and 240 minutes. Peak 
flow rates were measured as percentage of expected | 
value for the child’s age and height. | 

The trial had ethical approval and in every case 
was conducted on the basis of informed and written 
consent by the child’s parent. 
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l Results 


- The Figuré shows mean pulse rates, peak flow rates 
. (expressed as percentage of expected for age and 

height}, and blood theophylline levels for the 
~ theophylline/salbutamol group compared wth the 


theophylline group. The results show that in terms of 
pulse rates, peak flow rates, and blood theophylline 
levels, the mean scores for the two groups had 2 
completely non-overlapping distributions with 


children given the theophylline/salbutamol com- 
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bination having higher mean pulse rates (109-14 
versus 91-61), lower mean peak flow rates (70-:9% 
expected versus 90-9% expected), and lower mean 
blood theophylline levels (56-45 versus 62-40). 
Multivariate analysis of variance of the repeated 
measures design showed that there was a highly 
significant (P<0-001) difference between the re- 
sponses of the two groups on the three parameters 
during the 4-hour study period. However, univariate 
analysis of variance showed that the size of the 
difference tended to vary with each measure: there 
was a highly significant tendency for the theo- 
phylline/salbutamol group to have a higher mean 
pulse rate (P<0-01), a significant tendency for the 
theophylline/salbutamol group to have lower peak 
flow rates (P<0-02), but the differences in blood 
theophylline levels failed to reach significance 
(0-10<P<0-25) despite the apparent differences 
between the two groups. The variation in significance 
levels between measures, in part, appeared to reflect 
the small number of subjects studied and differences 
in the intrinsic variability of the dependent variables. 


Discussion 


Salbutamol and theophylline in combination and 
administered at maximum recommended dosage 
had different effects from theophylline alone 
administered at maximum recommended dose. 

Children treated with the salbutamol/theophylline 
combination had increased pulse rates compared 
with the theophylline group and presumably this 
refiects the fact that salbutamol is known to produce 
reflex tachycardia owing to peripheral vasodilata- 
tion.? Theophylline however, may have a similar 
effect by direct cardiac stimulation.? At the same 
time the therapeutic function of the salbutamol/ 
theophylline combination, as measured by peak flow 
rates, was lower than that of theophylline alone. 
While it was not possible to demonstrate conclusively 
parallel differences in serum theophylline levels, 
throughout the’ trial the salbutamol/theophylline 
group had consistently lower blood theophylline 
levels than those treated with theophylline alone. 
Collectively, these results suggest that at maximum 
dosage oral salbutamol and oral theophylline tend 
to interact in a negative way -which produces 
tachycardia, reduced therapeutic effect, and (prob- 
ably) decreased blood theophylline levels. 

These results are inconsistent with the findings of 
previous studies which have suggested that the 
salbutamol/theophylline combination is therapeutic- 
ally as good or better than salbutamol or theo- 
phylline alone.4-’ This inconsistency may be 
explained in a number of ways. Previous studies 
have used lower dosages than reported here®® or 


have calibrated dosage on the basis of serum 
theophylline levels.47 It seems possible that the 
effects reported here may only occur at higher 
dosages and that at lower dosage the theophylline/ 
salbutamol combination may be more effective." 
Clearly, studies in which dosage is calibrated on the 
basis of blood theophylline may mask the fact that 
higher doses of theophylline may be required to 
achieve the same blood theophylline level when 
theophylline is administered in combination with 
salbutamol. In addition, some studies have examined 
the short-term effects of inhaled administration, 
whereas this study has examined the effects of an 
oral preparation during a protracted period.* It 
seems possible that any or all of these differences in 
dose levels and methods of administration may 
account for the discrepancy between this study and 
previous research. 

These results do not support the view! that recent 
increases in asthma mortality are the result of 
combinations of theophylline and salbutamol 
creating toxic blood theophylline levels. However, 
they might suggest that any excess mortality that 
can be attributed to the theophylline/salbutamol 
combination (and such an excess has yet to be 
demonstrated clearly) might arise because oral doses 
of theophylline and salbutamol! are therapeutically 
less effective than theophylline alone. 
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Paediatric continuous ambulatory peritoneal dialysis 


E J EASTHAM, H KIRPALANI, D FRANCIS, R GOKAL, AND R H JACKSON 
Department of Child Health, Department of Medicine, and Department of Surgery, 


Royal Victoria Infirmary, Newcastle upon Tyne 


SUMMARY ‘Ten children in end-stage renal failure were treated by continuous ambulatory peritoneal 
dialysis (CAPD). This represents a total of 3-4 patient years. Biochemical control was good, and 
parent and patient acceptability high. Peritonitis was the chief complication, but after the institution 
of a specific CAPD education and training programme the incidence declined 10-fold. We regard 
CAPD as an effective short- and medium-term treatment for children with end-stage renal failure 
as part of an integrated dialysis and transplant programme, but it requires a devoted and enthusiastic 


trained staff to ensure success. 


Recent data suggest that 1-5 children per million 
population under age 15 years require dialysis and 
transplant in order to survive. If full facilities are 
available treatment is directed towards regular 
haemodialysis and transplant with a 5-year survival 
rate of up to 83%.2 There are many problems 
associated with haemodialysis—such as expense, 
time spent on inpatient training, access sites for 
shunts and fistulas, and blood loss. Despite such 
drawbacks, home haemodialysis for children is 
regarded as a feasible and acceptable treatment. 

In 1976, Popovich et al. reported the initial 
experience with adult patients of continuous 
ambulatory peritoneal dialysis (CAPD) and they 
subsequently described it in detail.4 The technique 
appeared to offer clear theoretical advantages 
particularly in children. Since 1978, we have used it 
as a primary form of treatment in any child present- 
ing in end-stage renal failure and considered suitable 
for a subsequent transplant. We report our experience 
with the first 10 patients. 


Patients 


Newcastle upon Tyne is the regional referral centre 
for patients in renal failure, and serves a paediatric 
population of nearly three-quarters of a million. 
Patients are cared for by a team of paediatricians, 
nephrologists, transplant surgeons, and nurses. 
. During the three years 1978-80, 10 children (2 boys, 
8 girls) were considered suitable for CAPD. Their 
ages ranged from 5 to 14 (mean 9-6) years. 


Methods 


The CAPD regimen used was similar to that 


previously described in our adult patients.® Briefly, 
under general anaesthetic a permanent Silastic 
Tenckhoff peritoneal dialysis catheter- was inserted 
through the anterior abdominal wall. The dialysis 
then consisted of having 4-1 litre of dialysis fluid 
(Travenol) in the peritoneal cavity continuously for 
24 hours a day, except for periods of 20-30 minutes 
while the mother exchanged the equilibrated solution 
for fresh solution. Exchanges were performed, using ` 
a sterile technique, four or five times a day. Between 
exchanges the dialysis fluid bag and tubing remained 
attached to the Silastic catheter and were wrapped 
up and strapped to the anterior abdominal wall, 
thus allowing the child to carry on with normal 
activities. ns. 

The first 5 children were started on CAPD ata 
time when there was no specific programme for this 
technique. However, since 1979 a nursing sister has 
been employed full-time to run a programme both 
for children and adults; subsequently three staff 
nurses have been specifically co-opted to manage 
training and help with follow-up in the home 
dialysis training unit. Each parent was advised to 
weigh her child daily, watch for oedema, and 
judiciously to use hypertonic (3:8% dextrose) 
solutions in consultation with the renal unit. In 
addition, specific instructions were given to watch 
for turbidity of the effluent fluid and catheter leaks. 
Should either occur the child was seen at hospital 
immediately so that a full screen for peritonitis 
could be undertaken. 

There were no dietary or fluid restrictions, but a 
high protein intake was encouraged to make good 
obligatory protein losses in the dialysis effluent. 
Low phosphate diets were not attempted but 
aluminium containing phosphate-binding agents 
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were given as necessary with meals. Most patients 
at some stage received calcium supplements, and 
1-« hydroxycholecalciferol was administered if there 
was any evidence of secondary hyperparathyroidism 
or osteomalacia. 


Results 


The mean period of CAPD treatment was 18 (range 
4-32) weeks comprising a total patient experience of 


3-4 years. The training period ranged from 11 to 32 
(mean 18) days. 


Biochemical control. Biochemical control was 
satisfactory throughout the period of study. Serum 
urea was well controlled at between 15 and 20 mmol/l 
(90-4 and 120-5 mg/100 ml) and creatinine at 
between 600 and 700 umol/i (6-8 and 7-9 mg/100 ml) 
(Figs 1 and 2). Plasma sodium, potassium, chloride, 
and bicarbonate levels were all normal; for potassium 
the mean concentration ranged from 4-0 to 4-7 
mmol/l, with 5-6 mmol/l the highest recorded level. 
Effluent protein concentrations were not routinely 
measured unless the concentration ranged between Fig. 2 Serum creatinine levels during CAPD treatment. 
2 and 9 g/l as in some cases of peritonitis. The mean 

albumin ‘and total protein concentrations were 

below the normal range but tended to rise during the 
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time on CAPD (Fig. 3). Serum ionised calcium levels 
were low at the start of treatment but rose to within 
the normal range, but phosphate levels were 
persistently high (Fig. 4). 


Quality of life. Attempts to measure the quality of 
life are difficult to interpret in a heterogeneous group 
of patients. However, 7 of the 10 children were able 
to return to their normal schools and they seemed 
to cope well. Six children living near their schools 
were able to return home at lunchtime for an ex- 
change. For one child this was not possible, so the 
school nurse was instructed in the technique and this 
arrangement worked satisfactorily. Of the 9 children 
hypertensive at the start of CAPD, it was possible in 
6 to stop antihypertensive therapy altogether within 
8 weeks. The mental attitude both of children and 
parents towards the treatment was excellent through- 
out except in the case of 2 children in whom there was 
quite a profound period of depression. However, in 
neither case was it felt that the technique itself 
played a significant aetiological role. 


Complications. The main problem was peritonitis. 
Altogether there were 11 separate episodes of 
infection in the 10 children. There was however, a 
pronounced difference in the peritonitis rates in the 
first 5 patients placed on CAPD before the specific 
training programme compared with the 5 sub- 
sequent ones (one episode per 6-3 patient weeks, 
compared with one per 60 patient weeks). Antibiotics 
were administered intraperitoneally for 5 days— 
initially gentamicin and latterly cefuroxime—and 
with the exception of one, all the children were 
admitted, generally for 3 or 4 days until the infection 
had cleared. 
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Three catheters had to be replaced under general 
anaesthetic for blockage, generally for outflow 
obstruction. One boy developed an inguinal hernia 
and later a persistently sterile eosinophilic exudative 
peritonitis which was asymptomatic and abated 
spontaneously. Finally, after intraperitoneal cefur- 
oxime for peritonitis one patient developed diarrhoea 
associated with Clostridium difficile and its toxin. 


Outcome. Three of the 10 patients continue with 
CAPD while 4 have been successfully transplanted 
(2 using living related donors). Three patients who 
died had been managed before setting up the 
programme, 2 of whom had failed second trans- 
plants; the remaining patient had suffered a severe 
stroke. In no case was death directly related to the 

technique of CAPD. l 


Discussion 


CAPD is now widely accepted both in North 
America and Europe as a satisfactory method of 
treating adult patients in end-stage renal failure. 
It has many advantages.’ The patient has a sense of 
well-being and there are few dietary or fluid restric- 
tions; the technique is simple, and a steady state 
biochemical control can be achieved with a decrease 
in hypertension and reduction in anaemia. The 
technique offers potentially a more suitable and 
acceptable form of treatment than haemodialysis in 
children. Since 1978 therefore, we have used this 
method as our first choice of treatment in all 
children although full haemodialysis services were 
available. Currently we have no children on 
haemedialysis. 

The use of CAPD in children is now being 


680 Eastham, Kirpalani, Francis, Gokal, and Jackson 


evaluated in a few centres and there have been some 
studies5-"? published abroad. In our experience the 
major problem is peritonitis, but meticulous training 
by specially trained staff in an area set aside for 
CAPD reduces this risk. Biochemical control was 
satisfactory in every patient although protein loss 
and high phosphate levels are still a problem. It was 
not possible to make an accurate assessment of 
growth, mainly because CAPD has been for short 
periods. However, growth does pose potential 
problems particularly if the technique is going to be 
. Offered to very young children. 

We feel that CAPD is an acceptable form of 
short- and medium-term treatment in children. Its 
initial acceptability justifies its use for several more 
years, in order to find out if the long-term results 
will prove as satisfactory as those of haemodialysis. 
Its success will depend on any further development 
that might reduce the risk of peritonitis. There is 
also a need for further assessment of problems of 
growth and bone disease. It nevertheless appears to 
be a major advance in dialysis treatment, integrated 
into a renal replacement programme of dialysis 
and transplantation. 


Addendum 


During the last 12 months we have had experience 
with a further 6 patients, the youngest being 11 
months at the start of treatment. Our total experience 
is now 9 patient years, the longest period on CAPD 
is 24 years. Our infection rate per patient remains 
unchanged. Hyperphosphataemia has been better 
controlled by increasing the intensity of the phos- 
phate binder therapy. We continue to be enthusiastic 
and optimistic about this form of dialysis. 


. We thank all members of the team caring for children 


with renal failure, particularly Dr M K Ward, 
Dr M McHugh, Mr R Taylor, and Sister M Maloney. 
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Valproic acid and immune thrombocytopenia 
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SUMMARY During the course of a prospective serial study over a period of one year, findings 
compatible with immune-mediated thrombocytolysis accompanied the administration of valproic 
acid in about half of 45 children with epilepsy. Thrombocytopenia occurred in 15 and neutropenia 
in 12 patients, but was transient and self-limiting in each. The association is probably one of cause 
and effect, and it may reflect the structural similarity between valproic acid and constituents of cell 


membranes. 


Circumstantial evidence suggests that thrombo- 
cytopenia may result from the administration of 
valproic acid in clinical practice.1-* From recent case 
` studies we have surmised that more than one 
pathogenetic mechanism may exist since, in one 
patient, thrombocytopenia resolved despite con- 
tinuing drug administration.’ Thus, in some instances 
this association may not be one of cause and effect, 
but rather may reflect the induction of thrombo- 
cytopenia by coincidental viral infection.” 8 With a 
view to resolving these issues, we embarked on a 
prospective investigation of a group of children who 
were receiving treatment with valproic acid. 


Study design 


All patients who were being given valproic acid 
under the supervision of a single paediatrician (N M) 
were considered to be eligible for study. At intervals 
of about 2 months during the period January to 
December 1980, each patient underwent serial 
sampling of venous blood on routine monitoring for 
determination of the following indices by standard 
methods: haemoglobin concentration; reticulocyte 
count; direct antiglobulin test; total and differential 
leucocyte counts; platelet counts; serum albumin; 
total globulins; immunoglobulins G, A, and M; and 
serum valproic acid concentration. Concentrations 
of haemoglobin, leucocytes, and immunoglobulins 
were compared with age-related control values. 
Platelet associated IgG (PA IgG) was measured by 
the antiglobulin consumption assay? (normal values 
10 femtograms IgG per platelet). Statistical 
analyses were performed by the Wilcoxon signed 
rank test and linear regression as appropriate. 


Results 


Patients. Forty-five patients with epilepsy (28 boys, 
17 girls) aged between 0-5 and 20 (median age 6) 
years were recruited to the study. Nine patients 
entered at the time-of initiation of treatment with 
vaproic acid and all their haematological indices 
were normal. The remainder had been receiving 
vaproic acid for 1-136 (median 38) weeks before 
entry. In 12 patients additional anticonvulsant agents 
were used: 5 received carbamazepine, 4 pheno- 
barbitone, 2 phenytoin, 2 phenobarbitone plus 
phenytoin, and 1 was given ACTH. Patients were 
studied on 1-7 occasions with a median of 4 samples 
being obtained from each. — 


Erythrocyte indices. Only one patient became 
anaemic; a 14-year-old girl had a nadir of haemo- 
globin concentration of 8-8 g/dl with a spontaneous 
return to normal. A diagnosis of transient erythro- 
blastopenia of childhood was made (see below). No 
other patient had an absolute reticulocytosis and no 
positive direct antiglobulin test was recorded. 


Serum proteins. All measurements of serum albumin 
and globulin concentrations were normal (greater 
than 15 g/l and 35 g/l respectively). One child with 
transient erythroblastopenia of childhood (see above) 
had a total globulin concentration of 44 g/l with an 
IgG assay of 25-2 g/l. No other patient showed an 
increase in total globulins. Only one other patient 
had an abnormal immunoglobulin profile, an 
11-year-old boy with selective IgA deficiency 
(0-17 g/l) and no stigmata of the Wiscott-Aldrich - 
syndrome. 
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Leucocyte profile. -Although the total leucocyte 
concentration was normal in all samples, 12 of 45 
patients developed absolute neutropenia at some 
time during the study including 2 of 12 patients 
receiving more than one anticonvulsant. In all cases 
this phenomenon was transient and self-limiting. 


Platelet counts and PA IgG. One-third of the 
population (15 of 45) were observed to be thrombo- 
cytopenic (platelet count less than 150 x 10°/I) at 
some time during the study (range of lowest platelet 
counts: 35-149 x 10°/I), including 4 of 12 patients 
receiving more than one anticonvulsant (Tables 1-3). 
This was transient and self-limiting in all cases. The 
relationship between platelet count and PA IgG is 
illustrated in the Figure. In 82% of instances 
thrombocytopenia was associated with an increased 
PA IgG, and there was a significant inverse cor- 
relation (P<0-05) between the platelet count and the 
level of PA IgG (13-24 femtograms IgG per platelet). 

At least 40% of the patients had increases in 
PA IgG at some time during the study and 65% of 
these were accompanied by normal platelet counts. 
However, the counts (53-354 x 10°/I, median 
173 x 10°/l) of those samples with raised PA IgG 
determinations were significantly lower (P<0-005) 
than those which were associated with normal levels 
of PA IgG (144-509 x 10°/], median 240 x 10°/)). 


Valproic acid concentrations*. There was no signifi- 
cant difference in valproic acid levels between 
samples with thrombocytopenia (valproic acid 
18-115, median 95 mg/l) and those with normal 
platelet counts (valproic acid 11-136, median 


* Valproic acid 144 mg per litre--1.0 x 107° molji. 


` Platelet count {x031} 





0 2 4 6 B 10 T2 14 16 18 
Ptateiet associated IgG ( femtogram/ platelet ) 


.2 2 24 2% 


Figure Relationship between the concentration of 
plateiet-associated IgG (x) and the platelet count (y) 
when x is expressed as femtograms per platelet and y 
as the number (x 10°) per litre of blood, 

y = —5-287 x + 286-6. This is a significant inverse 
correlation, P<0-001. j 


Table 1 Patients studied during treatment with 
valproic acid alone 





Case Platelet nadir (x 1015 Interval* 
(months) 
Í 397 8 
2 143 16 
5 175 30 
6 220 15 
7 190 9 
9 260 18 
13 147 17 
14 96 16 
1S i61 i6 
16 210 14 
18 242 14 
19 140 140 days 
29 35 110 days 
2i 240 9 
22 255 9 
25 179 40 days 
26 145 110 days 
27 149 8 
28 234 15 days 
31 242 7 
34 169 24 
35 135 8 days 
37 124 6 
42 213 24 





*Interval between initiation of treatment and platelet nadir. 


Table 2 Patients studied during comomanon 
anticonvulsant treatment 





Case Platelet nadir (x 109/0 Interval* 
(months) 
3 317 13 
4 147 22 
8 345 15 days 
10 170 8 
11 130 13 
12 144 ő 
17 266 140 days 
24 134 65 days 
32 170 90 days 
38 313 25 
43 269 115 days 
45 208 30 days 





*Interval between initiation of treatment with valproic acid and 
platelet nadir. 


Table 3 Patients studied before and aoe treatment 
with valproic acid 





Case Platelet (x 109D Interyal* 
(days) 
Count before treatment Nadir during treatment 
23 215 144 75 
29 250 210 60 
30 345 325 25 
33 260 102 120 
36 259 230 30 
39 284 215 20 
40 354 170 40 
41 240 ` 198 30 
44 253 . 240 60 





*Interval between initiation of treatment and platelet nadir. 


88 mg/l). In 5 additional samples no valproic acid 
was identified. Furthermore, the drug concentrations 
were no greater in samples with raised PA IgG levels 
(valproic acid 0-150, median 95 mg/l) than in those 
with normal levels of PA IgG (valproic acid 0-141, 
median 88 mg/l). 


Discussion 


Valproic acid is chemically unique among the 
anticonvulsant drugs, being a branched chain 
carboxylic acid,” and it is structurally similar to the 
fatty acid constituents of cell membranes.® This may 
afford an explanation for the impact of the drug not 
only on platelet numbers but also on platelet 
function. 41% While the clinical importance of 
platelet dysfunction induced by valproic acid is 
unknown, thrombocytopenia associated with the 
administration of this agent may be severe.® 

In a recent retrospective study of nearly 1500 
samples from mentally handicapped patients, 
Eastham and Jancar!* found no difference in the 
platelet counts of individuals with and without 
epilepsy who were receiving anticonvulsants other 
than valproic acid, but patients with epilepsy wko 
were receiving valproic acid had significantly lower 
counts than those who were being treated with 
other drugs. Serial, prospective sampling, as con- 
ducted in the present study, shows that such 
thrombocytopenia, while common, is always tran- 
sient and self-limiting despite continuing drug 
administration; we had elected to pursue this policy 
on the basis of previous clinical experience’ 
of the resolution of thrombocytopenia without 
interruption of treatment with valproic acid. 
Moreover, the degree of thrombocytopenia is such 
that a haemorrhagic diathesis is predictably unlikely. 
Similar observations have been made by Wilder 
(personal communication) in a group of 25 
adolescents and young adults. 

Sandler et al.i4 have suggested that valproic acid 
may evoke the occasional production of an antibody 
directed against circulating platelets, even in the 
absence of thrombocytopenia. Our data, obtained 
with a much more sensitive technique, indicate that 
nearly half of patients who were receiving valproic 
acid had an increased level of PA IgG at some time 
during the study. Although 65 % of these samples had 
a normal platelet count, it is likely that they reflected 
a compensated thrombocytolytic state, with 
increased platelet production matching increased 
platelet destruction, since samples with raised 
PA IgG determinations had significantly lower 
platelet counts than had those with normal levels of 
PA IgG. Thus, immune platelet destruction may 
occur more frequently in association with the 
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administration of valproic acid than is suggested by 
the incidence of frank thrombocytopenia. A formal 
study of platelet survival would be necessary to 
clarify this prospect. 

Transient, self-limiting neutropenia was also a 
common finding during the present study in which 
no florid clinical stigmata of infection were apparent. 
Furthermore, in only 3 children were thrombo- 
cytopenia and neutropenia recorded at the same 
time. Similar experience has been recorded 
previously!’ and anecdotal evidence points to a 
cause and effect relationship with administration of 
valproic acid.1* However, we could find no associ- 
ation between the concentration of valproic acid tn 
the blood and either the platelet count or the level of 
PA IgG. At first sight these findings might negate a 
causal association between drug administration and 
thrombocytopenia, but from pharmacokinetic data 
it is clear that blood levels of valproic acid are 
labile and unpredictable Moreover, although in 
patients with drug-induced thrombocytopenia the 
platelet count typically remains reduced while the 
drug continues to be taken, transient and self- 
limiting thrombocytopenia has been described in 
association with the use of heparin.’ 18 

Thus, immune-mediated thrombocytopenia may 
be a common accompaniment of the administration 
of valproic acid, but the pathogenesis of this 
phenomenon remains to be explored. 


We thank Mrs J Moore for performing the assays of 
PA IgG and Mr T Bailey, Mrs B Roberge, and 
Mrs C Williams for technical assistance. 


These studies were supported by grants from the 
Medical Research Council of Canada. 
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Wilms’s tumour and aniridia: clinical and cytogenetic 
features 
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Birmingham Children’s Hospital and Department of Cancer Studies, University of Birmingham 


SUMMARY A survey carried out to detect children with aniridia/Wilms’s tumour syndrome identified 
8 living and 3 dead children. The incidence of aniridia was found to be 1 in 43 among Wilms’s 
tumour patients in the UK. The clinical features included complete bilaterial aniridia, cataracts, 
glaucoma, mental retardation, hyperkinesis, hypospadias, and undescended testes. A high incidence 
of bilateral tumours (36%), male sex, presentation at a young age, and advanced maternal age 
appeared to be associated with the syndrome. The 8 living children each had a deletion on the short 
arm of chromosome 11. In contrast, although 2 patients with sporadic aniridia without Wilms’s 
tumour had other malformations, neither had genitourinary anomalies, and the only additional 
problems in patients with familial aniridia were cataracts. Among 49 children with Wilms’s tumour 
without aniridia only one had bilateral tumours. No chromosome abnormalities were detected in 
patients with familial aniridia, nor were they detected in patients with Wilms’s tumour without 
aniridia or in those with sporadic aniridia without Wilms’s tumour. While many infants with the 
Wilms’s tumour/aniridia syndrome are clinically diagnosable at birth, chromosome analysis using 
the elongated chromosome method is especially valuable to confirm the diagnosis in girls with 
sporadic aniridia and in boys who lack the genitourinary malformations. The presence of an 11p13 
deletion confirms the diagnosis of the Wilms’s tumour/aniridia syndrome and indicates a very high 
risk for the development of Wilms’s tumour. 


The Wilms’s tumour/aniridia syndrome was first 
described by Miller et al. who reported the associ- 
ation of mental retardation, microcephaly, bilateral 
aniridia, anomalies of the pinna, Wilms’s tumour, 
and ambiguous genitalia in males. The syndrome is 
generally sporadic? although familial occurrence has 
twice been described.2 4 Miller ef al.1 reported 6 
aniridia cases in 440 patients with Wilms’s tumour 
(i in 73) compared with 1 in 50000 births in the 
general population, and Pendergrass® found 6 
aniridia cases in 547 patients with Wilms’s tumour 
(1 in 91). 

Leck et al. found 2 cases of aniridia in 190 236 
births surveyed in Birmingham (1 in 95 000). Two- 
thirds of aniridia cases are attributed to an auto- 
somal dominant gene while the remaining cases are 
sporadic and thought to be due to a new mutation.” 

In 1978 Riccardi et al.® first described an inter- 
stitial deletion of the short arm of chromosome 11 in 
children with aniridia and Wilms’s tumour. In this 
paper we report the incidence of the Wilms’s 
tumour/aniridia syndrome among British patients 
and describe the clinical features and cytogenetic 


findings. Other patients with either Wilms’s tumour 
or aniridia were also studied and the results com- 
pared with those of the Wilms’s tumour/aniridia 
syndrome group. 


Methods 


Incidence. A survey was made of children with 
Wilms’s tumour notified to the Medical Research 
Council’s Working Party on Embryonal Tumours 
between 1969 and 1978. In addition the records of all 
51 children treated for Wilms’s tumour at 
Birmingham Children’s Hospital between 1969 and 
1978 were reviewed. Attempts were made through 
the records of the Childhood Cancer Research 
Group and paediatric colleagues to identify other 
children who had presented in the UK during the 
same years with Wilms’s tumour or aniridia. Other 
children with sporadic:and familial aniridia, with or 
without additional malformations but without 
Wilms’s tumour, were identified through ophthal- 
mological and paediatric colleagues. 

Clinical 


studies performed. Information was 
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obtained, and if possible confirmed, by interview and 
clinical examination (R S S). The data collected 
included mother’s age at the birth of the child, 
details of congenital malformations, and family 
history. 


Cytogenetic studies. Peripheral blood lymphocytes 
were set up using a standard whole blood technique 
stimulated with phytohaemagglutinin. Patients 
studied included the 8 living children with Wilms’s 
tumour/aniridia syndrome and 10 of their parents, 
3 children with sporadic aniridia, 2 mothers and 
2 daughters with familial aniridia, and 6 children 
with unilateral Wilms’s tumour who had no other 
congenital malformations. To achieve the high 
degree of resolution required to detect small inter- 
stitial deletions, every effort was made to produce 
elongated chromosome preparations. This was 
achieved by harvesting cultures after 46 hours and 
using a short (10 minutes) 0-002% colchicine 
treatment. This was found to give a reasonable yield 
of elongated prometaphase cells. Some cultures were 
also prepared using the technique of Yunis et al? 
which involves methotrexate synchronisation and 
precise timing of the harvesting of cells. Chromosome 
preparations were G-banded using the technique of 
Gallimore and Richardson.” 


Other laboratory studies. As the deletion previously 
described in Wilms’s tumour/aniridia patients was of 
the short arm of chromosome 11, attempts were 
made to identify other gene loci on this arm. Lactic 
‘dehydrogenase A (LDH A) is located at 11p12-03- 
12-081 12 and therefore LDH A was studied in 4 of 
our Wilms’s tumour/aniridia patients and in at 
least one parent of each. The enzyme was examined 
by starch gel electrophoresis. Quantitative assays of 
total LDH levels are unlikely to be informative in 
blood if LDH B is the predominant enzyme. 

The gene loci for 6, y, and 6 globin chains of 
haemoglobin are also believed to be situated on the 
short arm of chromosome 11, so the haemoglobin F 
and A2 levels were measured using the methods of 
Betke et al?8 and Weatherall and Clegg,44 and 
haemoglobin analysis was made by starch gel 
electrophoresis. 


Results 


Clinical studies, Eight children with sporadic 
aniridia were identified from the records of 348 
children with Wilms’s tumour notified to the Medical 
Research Council’s Working Party on Embryonal 
Tumours, giving an incidence of 1 in 43. These 
records included the 51 children treated for Wilms’s 
tumour at Birmingham Children’s Hospital during 
the same years of whom 2 had sporadic aniridia 


(1 in 25). From the records of the Childhood Cancer 
Research Group a further 3 children were identified 
with Wilms’s tumour and aniridia but for only one 
was further information available. Two further 
patients were located by personal referral. Thus we 
present information on a total of 11 children with 
Wilms’s tumour/aniridia syndrome. Five children 
and 2 adults with sporadic or familial aniridia were 
studied too, and clinical details are shown in Table 1. 
Cases 3 and 8415 have been reported previously. 

The mean age of the mothers of the 11 Wilms’s 
tumour/aniridia children at the time of birth of these 
children was 30-5 (range 25-41) years. This was 
significantly older (P = 0-02) than the maternal age 
of other children with Wilms’s tumour treated at 
Birmingham Children’s Hospital (44 cases, mean 
maternal age 26-4 (range 17-36) years (data not 
available for 5 other mothers because of adoption or 
emigration). 

Excluding the 2 Wilms’s tumour/aniridia patients, 
malformations were present in 7 (14%) of 49 
Birmingham Children’s Hospital Wilms’s tumour 
children as follows: hemihypertrophy (2), hemi- 
hypertrophy and multiple pigmented naevi (1), 
Wiedemann-Beckwith syndrome (i), horseshoe 
kidney (1), neurofibromatosis (1), and spina bifida 
with hydrocephalus (1). Their clinical stages were 
stage I 26, II 9, III 5, IV 8, and V one (bilateral). In 
none was there a family history of Wilms’s tumour 
or aniridia although the father of the child with 
Wiedemann-Beckwith syndrome had had macro- 
glossia and a retroperitoneal neurilemmoma. This 
incidence of malformations is similar to that 
reported elsewhere. 5 Twenty-seven of these children 
were boys and 22 girls. 

The mean age at diagnosis of the Wilms’s 
tumour(s) in the 11 Wilms’s tumour/aniridia 
patients was 2-8 (range 0-6-5) years and the mean 
age at diagnosis of the 49 other Wilms’s tumour 
children treated in Birmingham Children’s Hospital 
was 4-4 years (range 2 days-8- 5 years). 


Cytogenetic studies. The cytogenetic findings are 
summarised in Table 1. No abnormalities were 
detected in the sporadic and familial aniridia 
subjects who did not have Wilms’s tumour, nor 
were they detected in the Wilms’s tumour patients 
without aniridia. However all 8 Wilms’s tumour/ 
aniridia children had a deletion of the short arm of 
chromosome 11 (Figure). The extent of the deletion 
varied from patient to patient, but in 6 of these the 
G-negative band 11p13 was missing, while in case 7 
it was much reduced in size. The rest of the karyotype 
was normal and no translocation of the deleted 
material was detected. For 4 of the Wilms’s tumour/ 
aniridia patients both parents were examined and 
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Case 1, deletion {1p12-08-11p14-02. Case 2, deletion 11p12-08- 
lipl4-02, Case 3, deletion 11p12-08~lipi4-02. Case 4, deletion 
` Lipi2-08-Lipi4-02. Case 5, deletion Lipl2-02-[ip14-02. Case 6, 
deletion Iip12-08-lipI4-09. Case 7, deletion 11p13-01-l1p13-09. 
Case 8, deletion 11p12-08~11p14-02. 

Figure Pairs of chromosome 11 from the 8 patients 
studied. In each the deleted chromosome is on the right. 


found to have normal chromosomes indicating that 
the deletions in their children were new mutations. 
For 2 other Wilms’s tumour/aniridia patients only 
the mothers could be examined and their results were 
normal. 

Total LDH levels were normal in all of the Wilms’s 
tumour/aniridia children and parents tested. No 
obvious LDH gene dosage effect was detected by 
electrophoresis in 3 patients but Case 5 had a shift in 
the LDH A pattern compatible with a single dose of 
LDH A. Normal haemoglobin F and A2 levels and 
haemoglobin electrophoresis results were obtained in 
those patients studied. 


Discussion 


These studies further illustrate the clinical features of 
the Wilms’s tumour/aniridia syndrome and confirm 
the presence of interstitial deletions on the short arm 
of chromosome 11. As in previous reports our 
patients have all shown complete bilateral aniridia 
and a high incidence of cataracts. Mental retar- 
dation, often with hyperkinesis, was nearly always 
present. Undescended testes and hypospadias were 
present in all but one of the boys, and one child had 
diaphyseal aclasia and .transient hypogamma- 
slobulinaemia of infancy.’ Anomalies of the pinna 
and microcephaly not seen in our patients can also 
occur. In contrast, of the 3 children with sporadic 
aniridia without Wilms’s tumour, although one had 
hemihypertrophy and another had cataracts, mental 
retardation, and congenital heart disease, none 
showed genitourinary malformations. Hemihyper- 
trophy with or without aniridia is well known to be 
associated with Wilms’s tumour,! but no tumour has 
yet developed in Case 12 who is now aged 3-4 years. 


The only additional problem in the familial aniridia 
patients was cataract. 

Interesting features of the Wilms’s tumour/ 
aniridia syndrome in our series include a tendency to 
older maternal age at birth of the affected child anda 
preponderance of males (8 out of 11, that is male: 
female ratio 2-7:1). In contrast, the ratio of males: 
females in the Birmingham Children’s Hospital 
Wilms’s tumour series (excluding the aniridia cases) 
was 1-2, and was reported to be between 0-9 and 1-8 
in other Wilms’s tumour populations.“ A male 
preponderance in the Wilms’s tumour/aniridia 
syndrome has been noted previously.’ 

As. in other series! 7°48 the tumours tended to 
present at a younger age in our patients with 
aniridia than in the general population of Wilms’s 
tumour cases, but there was a wide range (7—60 
months). The extremely high incidence of bilateral 
tumours (36%) in. our Wilms’s tumour/aniridia 
patients contrasts strikingly with an incidence of 2% 
in the other Birmingham Children’s Hospital 
Wilms’s tumour cases and of 4-4% in a large general 
Wilms’s tumour population? In a series of 11 
children reported by Bond? bilaterality was associ- 
ated with older maternal age, a high incidence of 
malformations (including aniridia in one child), and 
young age at presentation of the tumours. 

The overall incidence of aniridia in our British 
Wilms’s tumour patients (1 in 43) appears higher 
than in the American series! ë but may not differ 
significantly from the pooled estimate of their two 
and our series of 1 in 67. 

All children with the Wilms’s tumour/aniridia 
syndrome studied to date by the elongated chromo- 
some method have had 11p13 deletions (Table 2). 
Thus, while many infants with the syndrome are 
clinically recognisable at birth, chromosome studies 
will be helpful in some babies with aniridia to 
identify those likely to develop Wilms’s tumour, 
particularly girls, who do not show the genito- 
urinary malformations, and cases of sporadic 
aniridia without other apparent defects. Our Case 7 


Table 2 Reported cases of chromosomal abnormalities 
in aniridia] Wilms’s tumour syndrome* 





Case Sex Age at Bilateral Mentally Genitourinary 
diagnosis disease retarded anomalies 
(months) 
18 M 42 None Yes Present 
223-26 F 36 None Yes None 
3H M 19 None Yes None 
43 M 15 Present Yes Present 
527 M 10 None Yes Present 
627 F 12 None Yes None 
7-1028 29 Not recorded 
11-1429 Not recorded 





*Excluding cases 1-622 described in this paper. 
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was of special interest because his only malformations 
were bilateral aniridia and cataracts, yet he developed 
bilateral Wilms’s tumours. It is probably relevant 
that in him the deletion was shorter than that 
present in any other Wilms’s tumour/aniridia case 
we studied. At birth it would have been difficult 
clinically to determine that his risk of Wilms’s 
tumour was greater than that for the other children 
(Cases 12-14) with sporadic aniridia. Thus chromo- 
some analysis should prove to be particularly 
valuable in babies with sporadic aniridia who lack 
the other feature of the Wilms’s tumour/aniridia 
syndrome, to predict those at risk of Wilms’s 
tumour. 

Aithough we confirmed the presence of interstitial 
deletions of the short arm of chromosome 11 in 
children with Wilms’s tumour and aniridia, unlike 
Riccardi et al.2 we could not demonstrate this 
deletion in patients with aniridia alone, whether 
sporadic or familial, nor could we find it in those 
with Wilms’s tumour alone. A deletion in the 11p13 
region has also been reported in a girl with aniridia, 
cataracts, mental retardation, and gonadoblastoma.*! 

Familial occurrence of the Wilms’s tumour/ 
aniridia syndrome has been described in a family in 
whom the proband showed a deletion of most of 
band 11p13 and of sub-band 11p14-1 and in whom 
the proband’s mother and brother, who were both 
phenotypically normal, showed a balanced chromo- 
somal rearrangement.’ Thus it seems clear that the 
lip13 region contains a gene necessary for proper 
development of the iris and urogenital system and a 
locus which when absent predisposes to the develop- 
ment of malignancy, especially Wilms’s tumour. 
However, since many cases of aniridia alone do not 
have deletion of 11p13, a deletion is not the only 
reason for this condition, which could be caused by 
point mutations at the same locus or by defects at 
other loci controlling development of the iris. 

Although our studies are inconclusive, they may 
indicate that the locus for LDH is also situated in the 
1ip13 region, whereas the loci for the globin genes 
are not. ` 
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Development of emotional sweating in the 
newborn infant — 


V A HARPIN AND N RUTTER 
Department of Neonatal Medicine and Surgery, Notiingham City Hospital 


SUMMARY Sweating from the-palm and sole occurs independently of ambient temperature but is 
influenced by emotional factors. It thus provides a useful objective measure of emotional state. 
The development of this emotional sweating in the newborn was investigated by measuring palmar 
water loss and relating it to the infants state of arousal. Altogether 433 individual measurements 
were made on 124 babies of gestational age 25 to 41 weeks and postnatal age 15 hours to 9 weeks. 
Palmar water loss was also recorded continuously in 22 infants undergoing heel prick for routine 
blood sampling. In babies of 37 weeks’ gestation or more, there was a clear relationship between 
palmar water loss and arousal from the day of birth, and by the third week levels on vigorous crying 
were comparable with those of an anxious adult. Less mature babies did not show emotional 
sweating at birth; it was first seen at the equivalent of 36 to 37 weeks’ gestation regardless of matur- 
ity. Continuous recordings confirmed the cross-sectional data and illustrated the abrupt nature of 
the response. Emotional sweating could be a useful tool for the assessment of emotional state of 


the newborn. 


Sweating from most areas of the body occurs in 
response to a warm environment and is an important 
defence against overheating. By contrast, sweating 
from the palm of the hand and the sole of the foot is 
largely unaffected by changes in ambient tempera- 
ture. It is determined instead by emotional factors, 
being increased by pain, fear, anxiety, and concen- 
tration and decreased by contentment, relaxation, 
and sleep. This is termed emotional or mental 
sweating. It is widely used as a tool in psychological 
medicine and research, providing an objective 
measurement of emotional state. The newborn 
infant may experience pain or pleasure in response 
to different stimuli but his limited range of behaviour 
makes it difficult to assess such emotions. An 
objective measure of emotional well-being would 
clearly be useful as a tool in neonatal research. 
Previous work however suggests that emotional 
sweating does not occur in the newborn until the 
second month of life.1 2 

In a recent study of the development of thermal 
sweating in the newborn, we noted that water loss 
from the palm and the sole was high in mature 
infants from birth. Although unaffected by changes 
in ambient temperature, it did vary with the infant’s 
state of arousal.” This suggests that emotional 
sweating does occur in the newborn. We therefore 
undertook this study to examine in detail the 
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development of emotional sweating in the newborn, 
with particular reference to gestation and postnatal 
age. Since our original study showed-that water loss 
from the palm was greater and varied more with 
the state of arousal than water loss from the sole, 
the former was chosen as the indicator of emotional 
sweating. 


Method 


Palmar water loss was measured using an Evapori- 
meter (Evaporimeter Epl, Servomed, Sweden). 
This device measures the gradient of water vapour 
pressure close to the skin surface, which is directly 
proportional to the rate of evaporation of water 
from the skin. Its use has previously-been described 
in detail.4~§ Each infant was studied in an un- 
humidified incubator or in a cot. The hand was first 
unclenched, taking care not to touch the palm, and 
exposed to the surrounding air so that any trapped 
moisture could evaporate. The probe of the instru- 
ment was then gently rested on the centre of the 
infant’s palm until a steady reading of water loss in 
g/m? per hour was obtained. Care was taken to avoid 
draughts and to prevent the baby from breathing 
over the probe since these result in unstable readings. 
The state of arousal of the infant at the time of the 
measurement was assessed using a simple scoring 
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system, ranging from deep non-rapid eye movement 
(non-REM) sleep to vigorous crying (Table 1). 
Altogether 433 individual measurements were made 
on 124 infants whose gestational age ranged from 
25 to 41 weeks, who were between 15 hours and 9 
weeks old (Table 2). Gestational assessment was 
calculated from the first day of the mother’s last 
menstrual period and estimated by means of 
physical assessment.® If these differed by more than 
2 weeks the infant was not included in the study. 

In an additional 22 infants palmar water loss was 
recorded continuously by attaching a chart recorder 
to the Evaporimeter. Recording began with the 
infant asleep or quiet; a heel prick for routine blood 
sampling was then performed. The change in palmar 
water loss was measured as the infant awoke, cried, 
and settled again. These infants ranged in gestation 
from 25 to 40 weeks and were aged between 4 and 
68 days. 









water losses which varied greatly with state of 
arousal, being lowest in non-REM sleep and 
highest during crying (Fig. 1 and Table 3). All 
mature infants demonstrated this, the earliest study 
being at age 15 hours. The increase in palmar water 
loss with arousal became more pronounced as the 
infants grew older. 


Table 1 Scoring system used to assess state of arousal 





deep, non-REM sleep 

REM sleep 

awake/asleep, minor movement with occasional general 
movement 

minor crying, continuous movements 

vigorous crying and activity 
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Table 2 124 babies in whom emotional sweating was 
studied 





















The environmental temperature varied between Gestation Number Number Postnatal Birthweight (kg) 
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Fig. 1 Mean palmar water loss of infants in different states of arousal, according to gestation and postnatal age. 
Increasing palmar water loss with arousal is affected by both gestation and postnatal age. It first appears at the 
equivalent of 36 to 37 weeks’ gestation (gestation+ postnatal age) and is absent before this stage. 


Table 3 Palmar water loss (mean and range) of infants in 
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4 gestational age groups when in rapid eye movement 


sleep and when crying vigorously. The maturation effect 


of increasing postnatal age is seen 





Gestation Postnatal age Palmar water loss (g/m? per hour) 
(weeks) 
In REM sleep When vigorously 
crying 
Mean Range Mean Range 
37 or more ist week 18 (12-25) 50 (25-95) 
2nd week 24 (20-26) 85 (65--120) 
>2 weeks 24 (20-28) 110 (85~125) 
34-36 ist week 13 (6-20) 22 (12-35) 
2nd week 13 (10-16) 45 (32-66) 
>2 weeks 22 (20-33) 65 (30-90) 
30-33 Ist week 19 (7-16) 17 (8-25) 
2nd week 11 (9-14) > 24 (19-30) 
>32 weeks 13 (8-18) 42 (25-75) 
25-29 ist week 10 (8-17) 18 (11~25) 
2nd week 12 (6-19) 20 (19-25) 
>2 weeks 13 (7-16) 30 (20-32) 





Infants of 34 to 36 weeks’ gestation showed only 
slight increases in palmar water loss with increasing 
arousal in the first week of life. However, by the 
second week the variation was pronounced in some 
infants and in later studies results were similar to 
term infants in the first week of life. 

Infants of 30 to 33 weeks’ gestation showed 
minimal variation in palmar water loss in the first 
and second weeks of life. Thereafter, a high palmar 
water loss was demonstrated in aroused infants 
when they reached the equivalent of 36 to 37 weeks’ 
gestation. 

Infants of less than 30 weeks’ gestation similarly 
showed little variation in palmar water loss in the 
immediate newborn period. Again the variation 
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Fig. 3 Serial recordings of palmar water loss during heel-prick blood sampling on an infant of 32 weeks’ gestation. 
Recordings at I8 and 25 days of age show only a minimal and slow increase in palmar water loss with arousal. At 
age 31 days (the equivalent of 36+ weeks’ gestation) a striking, abrupt, increase in palmar water loss is seen when the 
infant cries. 


with arousal began to appear when the infant 
reached an equivalent gestational age of 36 to 37 
weeks. 

The continuous recordings of palmar water loss 
confirmed the cross-sectional data. In term infants a 
striking increase was seen when the infant cried, 
decreasing when the infant settled (Fig. 2). The 
change in palmar water loss in mature infants is 
abrupt, occurring within seconds of increased 
arousal and falling equally rapidly as the baby 
settles. Again no such response was seen in infants 
who had not reached the equivalent of 36 to 37 
weeks’ gestation. Fig. 3 shows serial recordings of an 







80 
3 20 End of sampling 
nm, 60 
£ 
kei 
pea E 
K Baby's heel 
H pricked Baby settled 
& 4 again 
sa 
5 30 
§ a 





Time (minutes} 


Fig. 2 Continuous recording of palmar water loss during 
heel prick for routine blood sampling (a) in a term baby l 
aged 6 days, and (b) in a baby of 35 weeks’ gestation 
aged 4 days. Initially both infants were asleep or quiet; 
after heel prick they cried vigorously and then settled 
again. The term baby shows an abrupt increase in palmar 
water loss as a result of the painful stimulus which falls 
rapidly as the infant settles. The less mature infant did 
not demonstrate this response. 


Baby settled 


again 


31 days old 


25 days old 
18 days old 


3 4 
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infant of 32 weeks’ gestation who first demonstrates 
an increase in palmar water loss with arousal at 
age 31 days. 


Discussion 


It seems likely that palmar water loss in the newborn, 
as in adults, is due to sweating rather than to the 
passive diffusion of water through the epidermis. 
Rates of water loss in sleeping term infants are 
considerably higher from the palms than from other 
sites in the absence of thermal sweating,® 8 yet the 
epidermis of palmar skin is thicker than elsewhere. 
We presume that background sweating from the 
palm is occurring perpetually, regardless of state of 
arousal. Such background sweating has been 
detected in the mature newborn by the staining of 
active sweat pores.2 We have shown that palmar 
water loss varies with arousal state in mature 
infants and that this response is both abrupt and 
pronounced. Emotional sweating therefore does 
occur in the newborn. 

The purpose of sweating from paws or palms in 
response to stress is not fully understood. Adelman 
et al demonstrated elegantly that sweating from 
the paws of 4 species of mammal increased on 
exercise, resulting in increased friction between 
paw and ground as the animal ran. They suggested 
that this plays an important role in the animal’s 
flight from danger. Kuno™ and his colleagues 
investigated emotional sweating in man, differentia- 
ting it from thermal sweating by showing that palmar 
sweat glands responded little to rise in ambient 
temperature but rapidly to changes in emotion. They 
demonstrated that emotional sweating has no 
latent period before onset and that it subsides 
rapidly once thestimulation ends. Emotional sweating 
in infants was first studied by Uchino! using a 
ventilated capsule. He was unable to demonstrate 
its presence in term infants until at least 33 days of 
age, but the method is insensitive. Verbov and 
Baxter,” using an o-phthaldialdehyde solution, 
demonstrated sweating on the palm in term infants 
in the first few days of life but they did not demon- 
strate changes with arousal. 

We have shown that emotional sweating on the 
palm does occur in mature newborn babies from the 
day of birth It reaches levels on crying which are 
comparable with those found in anxious adults by 
about the equivalent of 43 weeks’ gestation. Emo- 
tional sweating first appears at the equivalent of 36 
to 37 weeks’ gestation, regardless of gestation at 
birth, so that its development is largely unaffected 
by postnatal existence. By contrast, the development 
of thermal sweating is markedly hastened by post- 


natal existence so that almost every baby is able to 
sweat in response to a high ambient temperature by 
age 2 weeks, regardless of gestation.? Cholinergic 
fibres of the sympathetic nervous system are affected 
in both these sweating mechanisms, but they differ 
in that thermal sweating is controlled by the 
hypothalamus whereas the emotional sweating 
response involves a higher centre in the premotor 
cortex. 12 

Emotional sweating is the basis of the galvanic skin 
response: the increase in skin conductance on the 
palm or sole which occurs during arousal.* Skin 
conductance is widely used by psychologists in the 
study of stress;14 the ‘lie detector’ is one of the best 
known examples of its use. It has been used to 
examine the stress of adults visiting the dentist! 
and of children admitted to hospital for routine 
surgery. This present study has shown that 
emotional sweating occurs in the newborn from an 
equivalent of 36 to 37 weeks’ gestation and is readily 
measured. It is therefore possible to study stress in 
the newborn in an objective, quantifiable way. One 
area in which stress could be thus studied is in the 
field of neonatal intensive care. Although the 
absence of emotional sweating in preterm infants 
limits its. usefulness, it could be studied in more 
mature infants undergoing intensive care. The 
stress caused by painful practical procedures could 
be examined and the effect of measures to reduce 
such stress—such as modification of a technique or 
the administration of analgesta—could be studied 
objectively. Clearly a struggling, screaming infant 
is in pain and measurement of palmar water loss 1s 
not necessary to recognise this. Infants who receive 
intensive care however are not always able to make 
such clear demonstrations of discomfort. Endo- 
tracheal tubes, for example, remove the ability to 
cry and sedatives and paralysing agents may 
reduce movement without reducing pain. The 
technique of measurement of emotional sweating 
may also prove useful in the study of less obvious 
stress or indeed in the study of emotional content- 
ment in the newborn. As such it might be of interest 
to the child psychologist studying infant develop- 
ment or the interaction between the infant and 
his mother. 


V AH was supported by a grant from the Medical 
Research Council of Great Britain. 
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Investigating the small lung: which imaging 
procedure’? 


I GORDON AND P HELMS 
Department of Paediatric Radiology and Respiratory Unit, Hospital for Sick Children, London 


SUMMARY Ventilationand perfusion radionuclide lung scans, using krypton 81m and technetium-99m 
macroaggregates, were performed together with a variety of other imaging procedures 
in 18 children aged between 1 week and 13 years in whom radiology had shown a small lung. 
Radionuclide scans provided an assessment of regional ventilation and perfusion unobtainable by 
other means, and 4 main categories of disturbed function could be seen in the radiological small 
lung—namely, absence of ventilation and perfusion, absent perfusion with preserved ventilation, 
generalised or segmental decreases in ventilation, and perfusion and segmental perfusion defects in 
areas of decreased ventilation. The clinical history and other imaging procedures, including 
fluoroscopy and penetrated mediastinal views, enabled a firm diagnosis to be made in each of these 
18 patients. In 3 main pulmonary arteries were absent, 2 had lung aplasia, 2 had lobar aplasia, 9 
had varying degrees of pulmonary hypoplasia (two with additional sequestrated segments), 1 had” 


lobar emphysema, and 1 had post-infective lung mal-development (MacLeod’s syndrome). 


The child-with a radiological small lung poses two 
main questions for the clinician. Is this finding a 
manifestation of a congenital abnormality, or has it 
been acquired ? Is there any treatment which could be 
beneficial and allow for a better functional result as 
lung growth and development progress? The range 
of possible imaging procedures is wide, none is 
without risk, and the risks relating to radiation 
dosage must be considered. The aim is to avoid over 
investigating the child but at the same time 
maintain a high degree of confidence in explaining 
the radiological appearances. The purpose of this 
study was to assess the role of 81m krypton (Kr) 
ventilation (V) and technetium-99m (®Tc) micro- 
sphere perfusion (Q) lung scans in such 
circumstances. There is little discomfort for the 
child, a lower radiation dose is used than in 
other second-line imaging procedures, and the 
investigation can be performed without co-operation 
from the patient, so making it suitable for young 
children.! -2 


Patients and methods 


Eighteen children aged between 1 week and 13 years 
with unilateral lung disease of unknown aetiology 
had Kr, Y, and ®Tc Q lung scans as part of a 
variety of other imaging procedures which included 
fluoroscopy, bronchography, and angiography 


(Table). The results of the V/Q scans and other 
imaging investigations were discussed at regular 
clinico-radiological meetings with the clinicians 
responsible for the children’s management, at which 
time decisions about further investigation and 
management were also made. Fluoroscopy was 
carried out in the supine position with a variable kV 
using an image intensifier. 


Results 


The disturbances found on V/Q scanning could be 
placed in 4 categories—namely complete absence 
of ventilation and perfusion in one lung, complete 
absence of perfusion with preserved ventilation in 
one lung, decreases both of ventilation and perfusion 
in one lung either generalised or segmental in 
nature, and segmental perfusion defects in hypo- 
ventilated lungs. In each case a diagnosis could be 
made from the clinical history together with the 
imaging results. Cases 1, 2, and 3 were shown to 
have absent main pulmonary arteries, Cases 4 and 5 
had total lung aplasia, Cases 6 and 7 had lobar 


aplasia, Cases 8-16 had varying degrees of 
pulmonary hypoplasia (two with additional 
sequestrated segments), Case 17 had lobar 


emphysema, and Case 18 had predominantly 
unilateral _ post-infective lung mal-development 
(MacLeod’s syndrome)? (Table). 
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Table Details of patients 


e 





Case Age Admission diagnosis Fluoroscopy Barium 
(vears) swallow 
| 0-3 Parenchymal lung disease + 
2 6-2 Collapse left lower lobe + + 
3 5-0 Asthma + ap 
4 0-1 Pleural effusion + 
5 0-1 Pneumonia <f- 
6 12-6 Hypoplastic lung + + 
7 0-1 Incidental finding + T 
8 0-3 Pneumonia + 
9 2.3 Incidental finding aa 
10 0-7 Pneumonia + 
11 0-7 Recurrent infection = 
12 0-3 Lobar emphysema + 
13 0-2 Diaphragmatic hernia + T 
14 0-2 Unexplained tachycardia / + F 
tachypnoea 
15 0-2 Coarctation of aorta + + 
16 0-1 Diaphragmatic hernia + + 
17 0-4 Lobar emphysema sfe 
18 4-0 Recurrent infection -f 


+ Examination carried out. 


Complete absence of V/Q in one lung. Three children 
were found to have a non-functioning lung on V/Q 
scanning. Chest radiographs in 2 of them showed 
opaque hemithoraces with mediastinal shift to the 
affected side strongly suggesting a diagnosis of 
pulmonary aplasia. This diagnosis was established 
when penetrated mediastinal radiographs showed 
absent main stem bronchi on the affected side. The 
remaining child had an aerated small lung on chest 
radiography, and fluoroscopy showed paradoxical 
movement of a raised hemidiaphragm. A main 
bronchus was also seen and a diagnosis of severe 
pulmonary hypoplasia was made (Fig. 1). 


Complete absence of Ò in a ventilated lung. Three 
children showed decreased V on the side of the small 
lung with total absence of Q. The chest radiographs 
showed small lungs with mediastinal displacement to 
the affected side. This pattern was caused by a 
congenital absence of the pulmonary artery and was 
confirmed at pulmonary angiography in each case 
(Fig. 2). 


Decreased V/Q in one lung. In 13 children 
pronounced decreases in both V and Q were 
observed in one lung. The chest radiographs showed 
small hemithoraces containing aerated lung with 
mediastinal displacement to the affected side (Fig. 
3). These abnormalities were present in 9 of the 13 
children. V/Q scans showed loss of the normal 
anatomical landmarks on the oblique projections 
which suggested a diagnosis of pulmonary hypo- 
plasia. One child was found to have air trapping on 
the affected side during fluoroscopy with patchy 
areas of poor V and Q in the opposite lung. These 
findings, together with a history of severe lower 


Pulmonary Other Final diagnosis 


angiogram 


III aIIIlIIIIaaaaIaalaaaaaalalalMlMlslltlMlllll$llll$ll$lullllliliiiMMll 


-+ Absent pulmonary artery 
-— Absent pulmonary artery 
Absent pulmonary artery 
Lung aplasia 
Lung aplasia 
Lobar aplasia 
Lobar aplasia 
Lung hypoplasia 
=- Lung hypoplasia 
Lung hypoplasia 
Lung hypoplasia 
-1 Lung hypoplasia 
+ Ultrasound Lung hypoplasia 
Lung hypoplasia 


! 
TT: 


Bronchography 


+ Coarctation, lung hypoplasia, 
sequestrated segment 

Lung hypoplasia, 
sequestrated segment 

Lobar emphysema 

MacLeod’s syndrome 


Ultrasound + 
liver scan 


respiratory tract infection in early childhood, 
suggested the diagnosis of unilateral post-infective 
lung mal-development (MacLeod’s syndrome).? 





Chest radiograph shows mediastinal displacement 


Fig. 1 
to the right with a raised right hemidiaphragm. Aerated 
right lung is noted in the small hemithorax. Radionuclide 
scan demonstrates homogeneous V/Q in the left lung 
with virtually no activity in the right. 
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Fig. 2. Chest radiograph shows a 
small left hemithorax containing 
a small hypertransradiant left 
lung. The V scan shows decreased 
overall ventilation of the left lung 
while the O scan shows absence of 
perfusion, the right lung appears to 
he normally ventilated and 
perfused. The pulmonary 
angiogram Showed an absent left 
pulmonary artery. 


Fig. 3. Chest radiograph shows a small right lung with mediastinal displacement to the right; the hemidiaphragms 
appear to be normal. The V scan shows a well ventilated left lung with overall poor ventilation of the right. The O 
scan shows a poorly perfused right lung with a segmental defect at the hase medially (arrow). Aortogram shows 
systemic supply to the non-perfused area at the right base (arrow) confirming the diagnosis of a sequestrated segment 
in the hypoplastic right lung. There is an increased incidence of sequestrated segments in hypoplastic lungs. 
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In 2 of the 3 remaining children the decreased 
V/Q was noted to be mainly in the region of the 
upper lobe suggesting aplasia of a single lobe. One 
of these children had severe exercise limitation with 
marked expiratory airflow obstruction not reversible 
with bronchodilators. Because of this finding and 
the limited abnormality demonstrated on V/Q 
scanning, bronchoscopy and bronchography were 
performed. These studies demonstrated a fixed 
stenosis of the lower trachea, complete absence of a 
right upper lobe bronchus, and a long segment 
tracheomalacia in the left main bronchus (Fig. 4). 
The remaining child had a segmental V/Q defect in 
the region of the lingula. Fluoroscopy revealed a 
fixed hyperinflated area in the left lung with air 
trapping, the chest radiograph showed mediastinal 
displacement to the right; lobar emphysema was 
diagnosed and confirmed at thoracotomy. 


Segmental Q defect in a hypoventilated lung. A single 


segmental Q defect was noted in 2 of the 9 children 
with a small hypoventilated lung, raising the 
additional differential diagnosis of pulmonary 
emboli or sequestration in the affected lungs. 
Sequestration on the affected lung was confirmed in 
both cases, one at surgery, the other on aorto- 
graphy (Fig. 3). 


Discussion 


in all these children the V/Q scans provided valuable 
information on the site and extent of the 
abnormalities of ventilation and perfusion in the 
lungs, and in 2 children with pulmonary hypoplasia 
the scans led to the additional diagnosis of sequestra- 
tion. The importance of taking a clinical history and 
any relevant functional information into account was 
demonstrated in the child (Case 6) who was shown 
to have a more complex pattern of lung disease 
than had immediately been apparent (Fig. 4). 





Fig. 4 (Case 6.) Chest radiograph shows abnormalities of the posterior aspect of the right Sth and 6th ribs with the 
mediastinum shifted to the right; a small right lung can also be seen. The V scan shows a well ventilated left lung and 

a poorly ventilated right. The Q scan is similar in appearance to the V scan. Bronchogram demonstrates an absent right 
upper lobe bronchus confirming the diagnosis of a congenital absence of the right upper lobe. The narrowing of the 


lower end of the trachea can also heen seen. 
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In children with only one functioning lung the 
differential diagnosis must include collapse/con- 
solidation, aplasia, or severe hypoplasia. In such 
cases penetrated views of the mediastinum in order 
to visualise the main stem bronchi, and chest 
fluoroscopy to assess the ventilatory function were 
invaluable. If no main bronchi or lung movement 
could be detected the diagnosis of lung aplasia was 
made. If bronchi could be seen but no aerated lung 
observed, a diagnosis of collapse or consolidation 
was made. If collapse or consolidation is present, Q 
- in the affected area may be partially preserved 
although V is absent (unpublished observations). In 
the 9 children with unilateral pulmonary hypoplasia, 
fluoroscopy showed a small aerated segment of lung 
on the affected side. 

In adults, pulmonary emboli or bronchial 
carcinoma are the most important causes of pure 
perfusion abnormalities. In young children however, 
the absence of perfusion is virtually diagnostic of a 
congenital absence of the pulmonary artery on the 
affected side. This can be divided into 3 groups?: 
absent left pulmonary artery associated with a Fallot 
tetralogy and increased incidence of right-sided 
aortic arch,’ extracardiac anomalies,® and an isolated 
absent pulmonary artery. Of the last group about 
half are on the right and half on the left.” In such 
cases the V/Q scan is diagnostic, and cardiac 
catheterisation may be carried out to evaluate 
pulmonary arterial pressure since pulmonary hyper- 
tension is liable to develop. If the chest radiograph 
shows a large hypertransradiant lung on the side of 
the absent Q then the possibility of an extrinsic mass 
pressing on the pulmonary artery must also be 
considered .® 

If a ventilated non-perfused segment is 
demonstrated the differential diagnosis lies between 
a single small pulmonary embolus, peripheral 
pulmonary artery stenosis (as seen in congenital 
rubella), or a sequestrated segment. Not all 
sequestrated segments are in communication with 
the bronchial tree as in our 2 cases,® so the lung scan 
may show a matched V/Q defect. Aortography is 
not only diagnostic but also important for the 
surgeon to establish the source of the arterial 
supply. Sequestration is more common in hypo- 
plastic lungs, as illustrated. 

If the affected lung showed pronounced V/Q 
abnormalities, lack of the normal lobar landmarks 
on the oblique views, and a normally distributed 
V/Q in the contralateral lung without radiological 
evidence of acute lobar collapse/consolidation, the 
diagnosis of pulmonary hypoplasia could be made. 
This pattern of abnormality has also been found in 
infants studied after successful repair of congenital 
diaphragmatic hernia on whom longitudinal studies 


of lung function and V/Q scans are in progress 
(unpublished observations). It was also possible in 
one child to demonstrate a congenital absence of a 
lobar segment. In the single child with acquired 
disease (MacLeod’s syndrome)? abnormalities were 
also noted on the V/Q scan in the apparently 
radiologically normal lung which would perhaps be 
expected as a more likely outcome of severe 
pulmonary infection than a complete sparing of one 
lung. McKenzie et al.!° using a single radionuclide 
13 N and a 4 zone regional washout technique, 
together with other imaging techniques, found 
MacLeod’s syndrome to be a rare cause of unilateral 
pulmonary hypertransradiancy and argued the case 
in favour of investigating the child with a radiological 
hyperlucent hemithorax. 

We deliberately chose a descriptive approach to 
our V/Q scans with multiple views around the chest 
in order that the abnormalities could be localised at 
lobar, segmental, or subsegmental level. This 
approach enables a direct comparison with the 
anatomical information provided on chest radio- 
graphy. V/Q lung scans can be performed in children 
of any age; the radiation dose is lower than with 
most other imaging techniques’ and a high level of 
diagnostic certainty can be achieved without having 
to-resort to more invasive methods. Most regional 
nuclear medical centres have the necessary krypton 
81 generators. The ability to focus attention on the 
essential functional abnormalities suggests that V/Q 
lung scans should be more widely applied in children 
and that they should be an early imaging investiga- 
tion. V/Q scans provide pathophysiological images 
unobtainable by any other method and, if taken in 
conjunction with the chest radiograph, allow a more 
complete understanding of the underlying disease. 
This technique also offers the possibility of following 
functional lung growth in young children in whom 
estimates of Jung function are difficult to obtain. 
Using these imaging techniques cardiac catheterisa- 
tion and angiography are not required for diagnostic 
purposes but rather to outline the anatomy more 
clearly if surgery is indicated. 


We thank the physicians and surgeons at The 
Hospital for Sick Children who referred patients, 
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SUMMARY ‘Two investigations of paediatric manpower in England, Wales, and Northern Ireland 
were carried out, each using a different method. The first survey located registrars and senior regis- 
trars and checked on their occupational status 3 years later in order to see which ones had been 
promoted. Loss factors—such as emigration, retirement for personal reasons, part-time training, or 
transfer to general practice, community paediatrics, or other medical specialties—-were examined 
closely. The second survey was a cross-sectional analysis of the entire paediatric establishment. 
It examined in particular the distribution of consultants and registrars. Using figures from survey 2 
and loss factors from survey 1, a model of the paediatric career structure could be constructed. This 
showed that the present career pyramid would be unable to absorb the current number of registrars 
in training. There is an urgent need for a comprehensive registration scheme for registrars, especially 
those with honorary contracts, who are not currently included in official records. Paediatrics is . 
unique in having a high proportion of women for whom there is little opportunity of reconciling 


career aspirations with family commitments. 


Perhaps the most intractable problem facing the 
National Health Service (NHS) is that of medical 
manpower. The issues have been debated since 1979 
and the controversy continues with widely differing 
views. The report of a parliamentary select com- 
mittee* (the Short report) recommends substantial 
expansion of the consultant grade in proportion to 
its junior staffing. Although this recommendation is 
supported by the Hospital Junior Staff Craft 
Committee of the British Medical Association? it is 
strongly opposed by its Consultant’s Committee.* 

Two surveys confined to paediatric manpower are 
presented. They add new information to, and 
illustrate shortcomings within, the official data on 
medical manpower that are published periodically in 
Health Trends.5-" Ideas pertinent to a career 
structure and to the balance-.of the grades in the light 
of the findings of the surveys are explored. 


Survey 1 


Registrar posts as at 1 September 1977 were located 
and the incumbents were traced in September 1980. 
With the help of the Royal College of Physicians 
154 approved registrar posts in England, Wales, and 
Northern Ireland, plus 19 other combination posts 
considered mainly paediatric, were found. Many 
teaching hospitals and children’s hospitals had not 


sought approval from the Royal College `of 
Physicians for jobs. Several discrepancies were 
apparent between lists from the Royal College of 
Physicians and those acknowledged by hospital 
personnel departments. 


Survey 2 


A questionnaire was sent to every consultant 
paediatrician in England and Wales known to have 
clinical responsibilities. Personal information and 
details of junior staff (including honorary and 
research) as at September 1980 were sought. 
Tenacious follow-up ensured that a complete survey 
of the paediatric establishment was achieved 
(clinical assistants and non-clinical research workers 
were excluded). 


Findings 


These are presented in tabular form, each survey 
providing a different facet of information as well as 
certain complementary information. 

A total of 190 registrars and 84 senior registrars 
were located in survey 1, and details of their appoint- 
ments in 1977 are shown in Table 1. The many male 
registrar non-responders were essentially overseas 
graduates whose whereabouts could generally be 
verified through the General Medical Council. 


702 


HM(69)6 followed by PM(79)3 relate to Depart- 
ment of Health and Social Security personnel 
memoranda concerned with opportunities for part- 
time training in the NHS for doctors and dentists 
with domestic commitments, disability, or ill-health. 
In essence they refer to posts suitable for women 
doctors. 

The development of the careers of these doctors 
from 1977 to 1980 is shown (Table 2). Fifty-two 
(27%) registrars and 45 (54%) senior registrars had 
been promoted in paediatrics while 93 (49%) 
registrars and 21 (25%) senior registrars had left 
paediatrics. 


Table 1 (Survey D). Number of registrar posts 
compared with DHSS figures (published in Health 
Trends) 


Men Women Totals Health 
Trends* 
108 (53) 42 13) 
Honorary registrer 11 ($) 7 © 
THM (69)6 registrar grads 22 4) 
` 119 (58) 71 Q3) 190ċł 231 
Senior registrar 45 ® 16 (4) TT 
Honorary senior registrar 15 (4) 6 (5) 47 
TPM (79)3 senior registrar 
grade i 2 
60 (12) 24 (9) 84t 124 


*Taken from Health Trends.5 

Figures in brackets indicate doctors located who did not respond but 
on whom information was available from other sources. 

+Part-time training schemes for women doctors. 

Other posts (senior registrar = 12; registrar = 7) were located but 
incumbent unknown from available sources; excluded from tables. 


Table 2 What were the 1977 registrars doing 3+ years 
later (survey J) 


Registrars Sentor registrars 
Men Women Men Women 
(a= 119) (n =7D (n= 60) (n = 24) 
Promoted in 40 (34%) 12 (17%Q* 35 (58%) 102%" 
paediatrics [5/18] [0/2] 
Acting up . 
(not substantive) 2 (39 
Same grade in 10(8%) 14(@20%)* 8(13%) 8 @G3%)* 
paediatrics [6/18] [2/2] 

In general practice 11 (9%) 57%) 1Qu%) 14%) 
In community 2(2%) 1207W" 12%) 2 (8%) 
paediatrics [4/18] [0/2] 

Retired (temporary } 
permanent) 6 (8%) 
Demoted or changed 
speciality at lower 
grade 22%) 10% 
In allied or other 
speciality at same 
grade or above 33%) 23% 2 (8%) 
Overseas (sec Table 7) 404%) 11 (16%) 12(20%) 
-Information missing 11(9%) 8d1%) 10%) 1 (4%) 





Square brackets Indicate proportioh of part-time women doctors, 
inchoded in figures marked with an Í 
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Men and women were promoted in the ratio of 
2 to 1 (34% compared with 17°%). 

The population studied in survey 2 is shown in 
Tables 3 and 4; the national breakdown of several 
factors is shown in Table 3, and the overall regional 
distribution in Table 4. 

Consultant, appointments in the NHS until 
January 1980 were whole time equal to 11 sessions, 
or maximum part time equal to 9 sessions. In 
January 1980 sessions (9, 10, or 11) were determined 
by contractual changes made with regard to earnings 
from private practice. Consultants employed at 
several hospitals would assemble their sessions to 
reach whole-time or maximum part-time equivalent. 

In Table 3 full time refers to whole-time or 
maximum part-time posts while part time refers to 
persons working fewer than 9 sessions. Thus 97% of 
consultants were full time (82 % of these working the 
full 11 sessions and only 15% in private practice). 

Ten per cent of senior registrars and 6% of. 
registrars were part time; all were women. 

Most (80%) senior registrars are based in teaching 
hospitals; the remainder work in district hospitals 
linked to teaching hospitals. Most consultants in 
non-teaching hospital posts can thus be seen at best 
to have only a share in a registrar (consultant: 
registrar ratio = 0-6), while his or her counterpart 
in the teaching hospital has the additional share of a 
highly experienced senior registrar (consultant: 
registrar ratio 1-1). 

About one-third of all registrars and senior 
registrars are women. At consultant level the 
proportion is only one-sixth. Women working part 
time are included in these numbers. It must be 
stressed that HM(69)6 and PM(79)3 posts relate to 
personal posts, supernumary, and not distinguish- 
able in establishment figures (Table 5). | 

Three years later 8% of UK-trained registrars and 


Table 3 Survey 2 population (England and Wales only, 
September 1980) (524 questionnaires sent, 520 (99-2%) 


replied) 





Consultants Sentor Registrars 

’ registrars 
Paid NHS 423 (81%) 117 (69%) 225 (86%) 
Honorary NHS 101 09%) 52(31%) 36 (14%) 


Totals 524 169 261 


Men 442 (84%) 118 (70%) 155 (59%)* 
Women 82 (16%) 51 80% 72 28% 
Full-time contract 510 152 245 
Part-time contract 14t 17 16 
Teaching hospitals 239 (46%) 137°(81%) 136 (52%) 
Consultants: registrar ratiot ———--__-——- _1-] 

Non-teaching hospitals 285 (54%) 


32 (19%) 125 (48%) 
0-6 





Consultants: registrar ratiot 


* Pius 34 (13%) of uncertain gender. 
+ Registrars =total of senior registrars + registrars. 
t Includes 3 male consultants. 
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Table 4 Regional distribution of paediatric staff 





Regional Consultants Senior Registrars 
Health registrars 
Authority 
Northern 37 9 21 
Yorkshire 38 10 10 
Trent 40 16 24 
East Anglia 15 , 4 12 
NW Thames 45 15 34 
NB Thames 60 36 33 
SE Thames 44 13 14 
SW Thames 21 4 9 
Wessex 24 § 9 
Oxford 22 12 ll 
South Western 25 9 12 
West Midlands 52 12 21 
Mersey 28 7 18 
North Western 44 10 22 
Welsh 29 7 11 
Totai 324 169 261 
Health Trends 

totals for 

September 

19806 519 133 242 


*Registrars = total of senior registrars plus registrars. 


senior registrars had gone overseas. Of the overseas- 
trained doctors during the same period 42% of 
registrars and 25 % of senior registrars were still here 
(Tables 6 and 7). 

Table 8 shows that there are few part-time 
women consultants even though one-third of the 
senior registrars are women who work part time, and 
even more had expressed a desire to work part time. 

It can be seen (Table 9) that for male registrars 
52% of the posts yield 83% of the promotions, the 
other 48 % of posts (non-teaching) yield 17% of the 
promotions, a ratio in favour of teaching hospitals 
of 4:1. 





Table § Information on ratio of sexes in paediatric 
staff all ratios male: female 
Survey I Health Health Survey 2 
(September Trends Trends (September 
I977) (September (September 1980) 
1978) 1980) 
Consultants 6+2:1 sel: 54:1 
Senior 
registrars 2:5:1 2-2:1 2.3:1 2.3;1 
Registrars 1-7:1 1-9:1 2-0:1 2°2:1 
Senior house 
officers 1-8:1 i7: > 
Table 6 How many doctors trained outside the UK 
Survey I (1977) Survey 2 (1980) 
Men Women Men and 
« WOMEN 
Consultants 31 6%) 
(n = $24) 
Senior registrars 7 (12%) 14% 8 (10%) 127% 
(n = 60) (n = 24) {n = 169) 
Registrars 31 43%) 21 3039 72 38%) 66 25%) 


{m = 119) {m =71) (n = 261) 





Population Consultants Total registrars* 
<15 years per 100 000 per 100 000 
x 1000 population Population 

666:9 5-5 4.5 

776-2 4-9 2:6 

995-1 4-9 4.0 

398-7 3.8 4-0 

710-6 6-3 6-9 

164-0 7-9 9-0 

733-3 6-0 3-7 

591-4 3-6 2-2 

349-9 4-4 2°5 

472-6 4-7 7-0 

651-3 3-8 3:2 

1143-8 4-5 2-9 

543-2 5-2 4-6 

884-0 5-0 3-6 

591-0 4-9 3-0 
10,472 0 5-0 4-1 


The date for retirement shown (Fig. 1) is that 
stated by each consultant; some opted for early 


‘retirement at 60 while the normal age of retirement 


is currently 65 years. This yields a rate of about 


Table 7 How many doctors were ai overseas 
>3 years later (survey I) 





Men Women Totals 
Senior registrars 
UK. trained 6/53 (11%) 0/23 6/76 (8%) 
Overseas trained 6/7 86%) O/I 6/8 (75%) 
Registrars 
UX trained 7/68 (10%) 2/30 4% 9/118 (8%) 
Overseas trained 33/51 (655) 972143%) 42/72 (58% 





Table 8 How many female doctors work part time? 








Survey I Survey 2 
1980 

1977 1980-81 
Consultants 11/82 (3%) 
Senior registrars 7/24 (29%) 8/24(63%) 17/51 BIW 
Registrars 29/71 (419%) 27/71 (38%) 16/72 22%) 
Others expressing wish 

to do part time 4f71 (6%) 

Table 9 Which registrars are promoted? 

Number promoted* Of those promoted, , 
number from non-teaching 
hospital posts 

Surrey 1 
Men 40/119 (34%) 7/40 = (17%) 
Women 12/71 A7%) 1/12 = (8%) 

Survey 2 (Table 3) 

Source of registrars Teaching hospital Non-teaching hospital 


32% 48% 
*See Table 2. 


10 posts a year vacated until 1994. Thereafter 
retirement vacancies will increase up to 30 posts a 
year. 


30 





25 in = 502) 
Year unknown-22 


Number of retirements 
a 





10 


2000 05 


Years 
Fig. 1 Consultant paediatrician retirements 1981-2012. 
Number of 
registrars 





Overseas loss factoro>___.» 


Community loss factoro_» 1 5 
GP loss factorP>__ >» 5 2 


Retirement factor es 2 


Part-time factor¢_-_ = 


Training -time factor¢__.» 





Annual output 





Annual number 
‘ready’ for senior registrars 


a See Table 5. b See Table 2. 

c See Table 8, an average figure of 25% is used. 

d It is assumed that a registrar takes 3 years before reaching senior 
registrar ‘readiness’ and that part-timers take twice as long. 


Fig. 2. Model for a paediatric career structure, 
registrar to senior registrar. 
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Annual number of regstrars 
ready’ for promotion 








Sex ratio factor? —— > 





Annual loss 





Number of senior registrars 
Overseas loss factor? —» 


Community, GP and 

allied specialties loss — 3 3 

factor? 

Part-time factor© ——» 31 17 P/T 
Training-time factor? —» Pa 
Annual output —»> 


Annual number 
‘ready’ for consultancy 





Number of consultants 


524 


Retirement” 
10-19/ yr 
a See Table 5. b See Table 2. 
c See Table 8, a figure of 33°% is used. 
d It is assumed that a senior registrar takes 4 years before reaching 
consultant ‘readiness’ and that part-timers take twice as long. 
e Health Trends® figures quoted—but more accurately shown in Fig. 1. 
f Suggested doubling in next 15 years.8 


f 
Expansion 
? 35/yr 


Fig. 3 Model for a paediatric career structure, senior 
registrar to consultant. 


The starting totals of 261 for registrars and 169 for 
senior registrars are an exaggeration of the true field, 
as not all honorary posts are held by doctors 
intending a paediatric career. The loss factors are 
inaccurate too, in that in survey 1 many honorary 
posts were missed. Fig. 2 shows the pattern for 
progression from registrar to senior registrar, 
indicating a total of 70 registrars ready each year to 
complete for senior registrar vacancies. Fig 3 shows 
the pattern for progression from senior registrar to 
consultant. Annual losses yield a ‘readiness’ figure 
of 37 senior registrars a year. 

The expansion of the consultant grade in 
paediatrics has been 3-8% for 1977-78, 5-3% for 
1978-79, 5-1% for 1979-80 (figures from Health 
Trends). The Secretary of State for Health and Social 
Services mentioned a figure of 100°% expansion in 
the consultant grade during a 15-year period.’ In 
paediatrics this would mean, using Fig. 3, 524 posts 
in 15 years—that is 35 posts a year. 
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Discussion 


The number of consultants in survey 2 (Table 4) 
closely approximates to that published in official 
lists, but there is a disturbing discrepancy in the 
number of senior registrars (27°) and registrars 
(8%). Total identification of honorary posts almost 
certainly accounts for this discrepancy and the 
failure to identify such posts by way of official 
channels explains many of the gaps in survey 1. 

Honorary posts may be occupied by doctors 
passing through paediatrics, by doctors working 
permauently in posts linked to paediatrics, by part- 
timers, by visitors from abroad, and by those 
pursuing a conventional paediatric training. 

The base numbers used in Figs 2 and 3 thus 
exaggerate the true paediatric manpower available 
and the loss factors inserted in the diagram are 
variously biased by the missing ‘honoraries’. The 
model is developed to illustrate the elements of a 
manpower equation. 

There is an urgent need to devise a system of 
regular identification of doctors in honorary posts. 
Their service work, teaching, and research com- 
mitments, and career intentions need to be quanti- 
tated. This information could be stored confidentially 
in a computer, separate from information concerning 
NHS staff.’ A complete picture of the current medical 
staffing state could thus be made available at any 
time and easily be updated. If junior doctors would 
. agree to register their career aims at an early stage, 
more accurate predictions of prospects could be 
made available by use of a model similar to that 
demonstrated. 

Women are seriously under-represented in ihe 
consultant grade compared with training grades 
(Table 5). The need for part-time training and 
part-time consultancies has to be urgently resolved. 
(Financial restraints inevitably squeeze out HM(69}5 
and PM{(79)3 posts.) No manpower decision can 
ignore the huge numerical factor, fegardless of other 
considerations. Official data fail to identify part- 
timers separately and the information from the 
current surveys throws fresh light on the career 
development (or lack of it) of part-timers. Paediatrics 
is second only to closely allied community work as 
the preferred career choice for women doctors. 
Eight medical assistants, eminent female paedia- 
tricians, were located during the course of survey 1. 
They are not included in the analyses. Paediatrics 
should be the first specialty to resolve these anom- 
alies for women doctors. An extensive network of 
part-time consultancies would seem the only just and 
practical solution. 

An analysis of responders i in survey 1 showed that 
43 (90%) of 48 male senior registrars had children 


compared with 8 (53%) of 15 female senior regis- 
trars. At registrar level 46 (75%) of 61 males and 27 
(65%) of 48 females were parents. Four other 
registrars were pregnant. This would seem to 
illustrate the point that women with children would, 
in many cases, leave a career which could not 
provide part-time facilities in training. 

During the last 4 years there has been a decline 
in the number of overseas doctors training in the 
UK, and greater difficulty for British doctors 
wishing to emigrate. Survey 1 studied lateral 
transfer of registrars into such specialties as 
general practice and adult medicine before the 
introduction of strict vocational and higher medical 
training requirements. It is doubtful whether such 
transfer would be so easy now. 

Medical manpower in Scotland has not been 
appraised in these surveys. The Scottish medical 
schools are producing more doctors than can be 
accommodated in Scottish hospitals and current 
emigration restraints must point their doctors 
towards England, Wales, and Northern Ireland. The 
overall number of medical students in the UK 
continues to increase in line with the recommen- 
dations of the Todd report in 1968.1! A comprehen- 
sive UK analysis would seem long overdue from: 
central manpower sources. 

Doctors with examination difficulties at registrar 
level are likely to disappear with growing compe- 
tition for posts. The promotion bias (Table 9) will 
cause increasing frustration as doctors are forced to 
move out of teaching hospitals for registrar posts, so 
lessening their chances at senior registrar level. The 
alternative of one registrar post for every senior 
registrar post defies resolution at present even if 
considered acceptable. 

The retirement profiles within a speciality can be 
precise (Fig. 1). An immediate expansion of 
paediatric consultant posts would absorb the senior 
registrar accumulation that is developing as a result 
of the present low consultant retirement and 
expansion rates combined with the difficulties in 
finding other ‘escape routes’. 

Geographical distribution of consultants accord- 
ing to paediatric population (the officially recognised 
statistic) needs to be considered (Table 4). As 97 % of 
consultant paediatricians work full or maximum 
part time, correction for whole-time equivalent 
makes a negligible difference to this table. Many 
hospitals, and their staff, are sited to serve a large 
cross-regional population. This can happen at 
district level too. Research and teaching sessional 
commitment must be allowed for. Statistics will 
need to be sensitive to these factors, especially as 
redistribution of staff based on such figures is now a 


aa 


The Short committee’s implementation would 
inevitably lead to changes in the consultant pattern 
of work. A substantial number of non-teaching 
hospital consultants in paediatrics (and inevitably in 
other specialities) are already working with little 
registrar support or none (Table 3). It is the teaching 
hospital consultants who may ponder longer. 

Paediatrics is thankfully not subdivided into 
large numbers of official subspecialties. Community 
paediatrics may be the first test of calculating correct 
numbers of training posts for ultimate consultancies. 
Neonatology is another specialty under discussion. 
It is imperative that the current manpower ‘errors’ 
in ‘adult specialties—such as cardiology and 
gastroenterology—are not repeated in paediatrics. 


The surveys were undertaken at the request of the 
Executive Committee of the British Paediatric 
Association which has encouraged and supported 
this publication. The views expressed are those of 
the authors. 


We thank Mrs D Carr, Mrs A Syers, Miss R Sharman, 
Mrs K Hilton, and Mrs Carolyn Ellison for varied 
and enormous help in collecting and collating the 
data. 
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Short reports 


Transcutaneous bilirubinometry: an evaluation 


MARGARET SHERIDAN-PEREIRA AND WINIFRED GORMAN 


National Maternity Hospital, Dublin 


SUMMARY The transcutaneous bilirubinometer was 
evaluated in 60 term and 10 preterm infants. A 
significant correlation was found between the 
transcutaneous index and the total serum bilirubin 
concentration for both term and preterm infants. 
The reliability of the transcutaneous bilirubinometer 
as a screening method was confirmed, and index 
criteria for serum bilirubin analysis have been 
suggested for term babies. The instrument was 
precise and accurate and the method both non- 
invasive and atraumatic. Since individual serum 
bilirubin levels and the transcutaneous index may 
correlate poorly, the transcutaneous method cannot 
replace traditional serum bilirubin estimation. 


The transcutaneous bilirubinometer has been 
developed to permit the non-invasive, non-traumatic 
monitoring of neonatal jaundice.’ The principles of 
its operation were previously described in detail by 


o Prototherapy 
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Yamanouchi et al.? This study set out to evaluate 
the precision, accuracy, and cost effectiveness of the 
instrument in the context of a busy perinatal service 
and in addition studied its correlation with total 
serum bilirubin values. 


Patients and methods 


During the study period all babies were assessed by 
the same experienced examiner (M S-P). A venous 
blood sample was taken for serum bilirubin analysis 
and a transcutaneous bilirubin index was simul- 
taneously obtained from the glabellar area, this 
being the recommended site.! The serum bilirubin 
was analysed by a modification of the chemical 
method of Jendrassik Grof. All the term infants in 
the study were white and weighed more than 2-7 kg. 
The measurements were obtained on day 1 to 
day 8. Three term infants suffered from ABO 
incompatibility. 
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Fig. 2. Eighteen measurements in preterm infants. 


Results 


The reproducibility of the transcutaneous bilirubin 
values was assessed in 4 patients. Three or 4 sequen- 
tial measurements were made in the glabellar area 
and the coefficient of variation was less than 5%, a 
figure consistent with precise clinical performance. 

The 81 measurements on term infants are shown 
in Fig. 1. Separate analysis of 57 measurements in 
term babies on no treatrnent compared with 24 
measurements in term babies on phototherapy gave 
r values of 0-65 and 0-76 respectively. The 18 measure- 
ments on preterm infants are plotted in Fig. 2. 

Since an individual transcutaneous bilirubin index 
did not predict the serum bilirubin concentration 


(Figs 1 and 2) within the narrow range desired by the 


clinician we evaluated the instrument as a screening 


method. 
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The serum bilirubin results obtained in 57 term 
babies on no treatment were divided into three 
groups (Table). Using an index of 20 or greater as a 
criterion for taking a serum bilirubin level the 
clinician would detect all term babies with a serum 
bilirubin level greater than 250 pmol/l and would 
have no falsely negative screens. However, there 
would be a 75% false positivity on screening. 

An evaluation of clinical screening compared with 
transcutaneous index as a screen is shown (Table). 
None of the 36 clinically mild cases was accompanied 
by a bilirubin level greater than 250 pmol/l. The 
clinically severe case was associated with a serum 
bilirubin level greater than 250 mol/l. Three babies 
with a clinically moderate jaundice had serum 
bilirubin levels greater than 250 umol /l. 

Thus comparing clinical with transcutaneous 
index in screening effectiveness the transcutaneous 


\ Table Serum bilirubin estimation and assessment of jaundice in 57 term babies on no treatment compared 


with the TcB index 


TcB index Serum bilirubin Gunol/D 

<190 190-250 > 250 
<15 5 0 0 
15--19 16 19 0 
> 20 i 12 4 


Jaundice 

Mild Moderate Severe 
5 0 0 

25 10 0 
6 10 1 


Conversion: SI to traditional untts—~bilirubin 1 pmol/l œ 0-058 mg/lOOml. 


710 Sheridan-Pereira and Gorman 


bilirubinometer is somewhat more effective than - 
clinical screening. If both transcutaneous index and ' 


clinical acumen were used simultaneously there would 
be considerably fewer false-positive screens. 


- Discussion 


Previous studies evaluating the transcutaneous 
bilirubinometer have been carried out in Japan by 
Yamanouchi et a/.,? and in the USA by Hegyi et al.* 

Hegyi et al.* obtained a correlation coefficient of 
0-77 in forehead measurements on 43 white term 
infants on no treatment compared with our figure of 
0-65. Yamanouchi? obtained a much more significant 
correlation coefficient of 0-877 in 40 measurements 
in the forehead area. Differences in methods of serum 
bilirubin analysis must be considered when noting 
the disparity, as Hegyi et al.’ used a spectrophoto- 
metric technique and Yamanouchi? used the 
Ameri¢an optical bilirubinometer and an alkali 
AZO bilirubin method. 

Our correlation coefficient of 0-76 in 24 term 
measurements during phototherapy treatment was 
in fact better than in the untreated group (r = 0-65). 
Yamanouchi? however, found poor correlation of 
total serum bilirubin and transcutaneous index in 
term and preterm babies on phototherapy. 

Since an individual transcutaneous index did not 
predict a serum bilirubin level accurately, we could 
not agree with Yamanouchi? that the instrument 
could serve as a viable alternative to traditional 
invasive procedures used to determine serum 
bilirubin concentration. 

Evaluation of the screening potential of the 
instrument has not been previously undertaken. 
Our study (Table) confirms its va'ue as a screening 
method in term babies on no treatment. There was 
an inadequate complement of measurements to 
establi=h index screening criteria in preterm infants. 

Yamanouchi and Hegyi concluded from their 


studies? 3 that the instrument was precise and 
accurate and our findings confirmed this. Yama- 
nouchi ef al? found that precision decreased at 
increasing serum bilirubin concentrations but there 
was no evidence of this in our data. 

During the study we assessed a subgroup of 4 
babies with rhesus haemolytic disease all of whom 
required exchange transfusion. There was a very poor 
correlation in the pre-exchange bilirubin level and 
the transcutaneous index measurement. After 
exchange transfusions the reduction in the level of 
serum bilirubin was not associated with any change 
in the transcutaneous index. This would agree with 
the opinion of Yamanouchi ef al.* that the trans- 
cutaneous bilirubin measurement is contraindicated 
in rhesus haemolytic disease and in babies after 
exchange transfusion. 

The transcutaneous bilirubinometer has a useful 
role in a busy maternity hospital with a frequent 
turnover of junior doctors and nursing staff. Its role 
here is to act as an adjunct to clinical screening in 
determining which term babies are likely to have 
serum bilirubin concentrations greater than 250 
umol/l. It does not have a role as an alternative to 
serum bilirubin determination in all cases. 
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Uncombable hair: a condition with autosomal dominant inheritance 


B GARTY, A METZKER, M MIMOUNI, AND I VARSANO 


Department of Paediatrics ‘B’ and Paediatric Dermatology Clinic, Beilinson Medical Centre, Petah-Tiqva, 
and Tel-Aviy University, Sackler School of Medicine, Israel 


SUMMARY Uncombable hair is a familial abnor- 
mality of scalp hair structure which affects children 
and lessens as they grow older. It is suggested that 
the mode of inheritance of the condition is auto- 
somal dominant. 


Sed 


In 1973 Stroud and Mehregan’ reported a patient 
with unusual hair which they termed ‘spun glass 
hair’. In the same year Dupré et al. described a 
similar hair abnormality which they called the 
‘uncombable hair syndrome’ or ‘pili trianguli et 
canaliculi’ according to the ultrastructural finding. 
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Recently, Ferrando et al.? stressed that a longi- 
tudinal groove was the only characteristic morpho- 
logical finding of this abnormality and proposed the 
name ‘pili canaliculi’. 

Since it only affects children, it seems surprising 
that the anomaly has not been described in paedia- 
tric journals. This paper describes a typical familial 





Fig. 1 General appearance of the hair of the patient. 





case, Suggesting an autosomal dominant mode of 
inheritance. 


Case report 


A 2-year-old boy, the only son of unrelated, healthy, 
Jewish Ashkenazi parents, was normally delivered 
after an uneventful pregnancy. His weight, height, 
and head circumference, and his psychomotor 
development are in accordance with his chrono- 
logical age. He has coarse facial features, a hoarse 
voice, and bilateral inner epicanthal folds. His scalp 
hair has a peculiar frizzy structure; the hair bundles 
are disposed in different directions and cannot be 
arranged by combing (Fig. 1). The hair is dry, 
coarse, thick, and not fragile; its colour is reddish- 
blond with a characteristic shine. The eyebrows are 
thick and of a similar colour. The skin, eyelashes, 
velum hair, nails, and teeth are normal. The rest of 
the physical examination is unremarkable. 

The peculiar appearance of the hair was noted 
at age 6 months, arousing only mild curiosity and no 
medical attention. The growth of hair was normal, 
requiring a haircut at age 1 year. 

The difficulty in combing the boy’s hair met with 
little concern on the part of the parents, because the 
father had had similar hair during infancy, which 
had gradually become ‘normal’ at about age 5 years. 
The paternal grandfather and great-grandfather 
were also known to have had this unusual scalp hair 
in their infancy. No other family members were 
affected. 


Fig. 2 Scanning electron 
microscope examination showing 
longitudinal central groove along 
the hair long axis. 
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Blood count, routine blood chemistry—amino- 
acids, lipids, iron, copper, zinc, and thyroxine—urine 
analysis, mucopolysaccharides, and amino-acids 
in urine, were normal. , 

The examination of the scalp hair by light micro- 
scope showed an uneven scanty distribution of 
pigment with small pits on the hair shaft and slight 
twisting of the hair along its axis. Using a scanning- 
electron microscope, most hair cross-sections were 
found to have a triangular shape; caused by longi- 
tudinal grooves along their axis. The structure and 
the deposition of the horny lamellae were normal 
(Fig. 2). 


Discussion 


Uncombable hair appears generally during the first 
year of life and can be considered an anomaly of the 
terminal hair appearing soon after the lanugo hair 
is shed. Only rarely does the condition appear later in 
childhood.® The phenomenon is limited to the scalp 
hair which is composed of thick bundles of hair 
which grow in different directions, and cannot be 
arranged by combing. The hair is dry, generally fair, 
with a characteristic sheen. It is not fragile and 
grows normally, 

The common morphological features of the 
anomaly are the presence of one or two longitudinal 
grooves which are found in the majority of the 
hairs examined with scanning electron microscope, 
and on cross-section of the hair it may be triangular 
or kidney-shaped. However, not all the hairs are 
abnormal and many morphological variants have 
been observed. Moreover, these findings are not 
specific since the appearance of longitudinal grooves 
along the hair axis was reported in a case of progeria, 
iti monilethrix, and pili torti?; a triangular cross- 
section of the hair was reported also in muco- 
polysaccharidosis and in normal individuals.* 

.The principal differential diagnosis of ‘un- 
combable hair’ is ‘woolly hair’. The characteristic of 
‘woolly hair’ is its tightly coiled spirals which do not 
form locks. The cross-section of woolly hair was 
found by some to be oval, while the straight hairs 
are generally round.’ According to others, these 
differences might also be caused by different hair- 
cutting techniques. ‘Uncombable hair’ should also 
be distinguished from ‘unruly hair’, which is often 
associated with mental retardation and micro- 
cephaly, but may be present in 2% of normal 
infants.® . 

The mode of inheritance of ‘uncombable hair’ is 
not known. A familial occurrence was reported in 
12 of the 27 cases, including this one. The data on 
the familial cases are not sufficiently reported; the 


abnormality was found in 3 out of 8 siblings (the 
parents being second-cousins),’ in father and son,® 
and in mother and son.* The sex ratio of the reported 
cases is 12 boys and 15 girls. The almost equal ratio 
of males and females and the vertical mode of 
inheritance, especially in our case, in which the 
abnormality occurred in four consecutive genera- 
tions, suggests an autosomal dominant mode of 
inheritance. | 

In many cases spontaneous amelioration of the 
condition has occurred during childhood, as in the 
ancestors of the reported case. The recognition of 
this entity and the knowledge ofits resultant improve- 
ment may be helpful for anxious parents if con- 
fronted by this unusual hair appearance in their 
children. 


We thank Professor M Djaldetti for the scanning 
electron microscope examination. 
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Agenesis of the corpus callosum: neonatal ultrasound appearances 


F SHEEHY SKEFFINGTON 


Department of Paediatrics, Barnsley District General Hospital, Yorkshire 





SUMMARY Attention is drawn to the neonata 
ultrasound appearances in agenesis of the corpus 
callosum. Although rare, such appearances are 
highly characteristic, and, if seen, the diagnosis 
should be easy. 





The use of ultrasound head scanning is becoming so 
common in neonatal units that it is likely that some 
rare, but once known, easily recognisable, abnor- 
malities will be diagnosed in this way. A case of 
agenesis of the corpus callosum is described, 
together with the diagnostic ultrasound appearances. 


Case report 


A boy was born after 37 weeks’ gestation, weighing 
3200 g, after a pregnancy that had been complicated 
by hydramnios of uncertain cause but was otherwise 
uneventful. His delivery was by forceps, following a 
trial of ventouse, and despite reasonable Apgar 
scores (6 at one minute, 8 at five minutes), he looked 
shocked and was very hypotonic in the 72 hours 
after birth. He then became irritable and hypertonic, 
and convulsed at 5 days. After his convulsions had 
been controlled, his neurological state improved 
slowly, so that bottle feeding was eventually estab- 
lished by 11 days. 

Serial ultrasound scans, through the anterior 
fontanelle, using an ATL Mark 100 real-time 
scanner, with three rotating 5 MHz transducers, 
showed (Fig. 1) wide separation of the lateral 
ventricles whose anterior horns were narrow, and 
whose anterior horns and bodies had sharply angled 
lateral peaks and were concave medially. These were 
consistent findings in all scans, and real time scanning 
through the planes posterior to that shown confirmed 
that the spaces (labelled LV) were in continuity 
with dilated posterior and inferior horns of lateral 
ventricles. No structure resembling the corpus 
callosum could be seen. 

In view of multiple minor congenital abnormalities 
(to be reported separately), chromosome studies 
were done and showed trisomy 8, of which agenesis 
of the corpus callosum is a recognised feature.! 
A computerised tomography scan (CT) also showed 
appearances typical of agenesis of the corpus 
callosum. 
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Fig. 1 Mid-coronal section. Anechoic comma-shaped 
spaces marked LV are the lateral ventricles; real-time 
scanning through the planes posterior to this shows them 
in continuity with dilated posterior and inferior horns. 





Mid-coronal scan of a normal 34-week infant. 
The corpus callosum is the saucer-shaped anechoic space 


Fig. 2 


between the signs +. Lateral ventricles are 
labelled V; the space between them is the cavum septi 
pellucidi. 


Discussion 


Normally (Fig. 2) the corpus callosum is clearly 
visible on ultrasound scanning of the neonatal head. 
The anterior horns and bodies of the lateral ventri- 
cles are close together, separated anteriorly only by 
the cavum septi pellucidi. All the features previously 
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described for agenesis of the corpus callosum as seen 
on ventriculography? and CT scanning? can be seen 
in the present case on ultrasound scanning, with the 
exception of dilatation of the 3rd ventricle and its 
interposition between the lateral ventricles. This was 
not found on the CT scans of the present case either. 
The degree of dilatation and interposition of the 3rd 
ventricle is said to be variable? and absence of this 
finding may mean that the agenesis is incomplete.* 

Although rare, agenesis of the corpus callosum 
should be easily recognisable on neonatal ultrasound 
head scanning. 


I thank Dr E M O'Neill, for permission to report 
this case and Dr I Holland, General Infirmary, 
Leeds, for the CT scans. 


This work was supported by the H F Hawley Trust. 
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Controlled trial of imipramine in diurnal enuresis 


ROY MEADOW AND IAN BERG 


Department of Paediatrics and Child Health, St James's University Hospital, Leeds 


SUMMARY Twenty-seven children with diurnal 
enuresis were studied in a double-blind randomised 
controlled trial of imipramine. Outcome was not 
related to such features as age, gender, maximum 
functional bladder capacity, or evidence of psychi- 
atric disturbance. Although the condition in several 
children improved, no evidence emerged to suggest 
that imipramine was superior to placebo in the 
treatment of the condition. 


Day wetting is a troublesome problem which not 
uncommonly affects children of school age, especially 
those who wet the bed. The characteristic features of 
this diurnal form of enuresis have been described 
elsewhere.** Unfortunately, no effective method of 
treating wetting, which occurs during the day when 
the child is up and about, has so far been found. 
Imipramine is a drug which relieves bed wetting, at 
least temporarily. 

It was therefore decided to carry out a trial of 
imipramine in persistent day wetters to see if diurnal 
enuresis could be lessened. 


Procedure 
Children treated at the paediatric outpatient depart- 


ment of a large undergraduate teaching hospital 
were studied. In each instance a history was taken, a 


physical examination was carried out, and a mid- 
stream specimen of urine was examined. No other 
special investigations were done routinely. However, 
since the presence of a urinary tract infection is 
considered to justify radiological investigation, over 
half the children had an intravenous urogram and a 
voiding cystourethrogram. Any urine infection was 
eradicated before the child was included in the study. 
During the trial, the urine was checked regularly and 
kept free from infection. Any child over age 5 years 
whose daytime wetting was a substantial problem 
was taken into the trial until it comprised 27 children. 
Although several also had some bed wetting the 
main cause of parental concern was the day wetting. 

All the mothers completed an Eysenck personality 
inventory for themselves, and a Rutter A Question- 
naire concerned with their children’s behaviour. 
Each was asked to give permission so that the child’s 
school could be visited and the form teacher could 
complete a Rutter B Questionnaire and a Conners 
Teachers Questionnaire. 

At the first visit to the outpatient department 
initial clinical assessment included estimation of the 
maximum functional bladder capacity. Each mother 
was given a chart to record wetting events during the 
next 4 weeks before any treatment was started. 

On the second visit, it was decided whether the 
child’s wetting was sufficiently troublesome to 
warrant drug treatment. If so, allocation to the 
imipramine or the placebo group was made by 


opening the next in a series of envelopes containing 


+>- randomly distributed assignments. Tofranil syrup 


/ 


* 


(25 mg) was given every morning for 4 weeks and 
50 mg for the next 4 weeks to those on the drug. The 
dosage of the placebo syrup was correspondingly 
doubled. The maximum functional bladder capacity 
was measured after 4 weeks on the smaller dose and 
after 4 weeks on the larger dose. There was a follow- 
up visit after 6 months. Charting of daytime wetting 
was continued throughout. Two ratings were made, 
Firstly, the number of completely dry days in a 
4-week period—the ‘dryness’ score—out of a 
possible maximum of 28. Secondly, an estimate of 
the severity of wetting, none (0); ‘slight’ (1) 
dampening of the pants, insufficient to penetrate 
outer clothing; ‘moderate’ (2) sodden pants, with 
wet patch on outer clothing; ‘severe’ (3) puddles on 
seat or floor. A ‘wetness’ score, out of a possible 
maximum of 84 over 4 weeks was the sum of the 
daily scores. 


Results 


There were 9 boys and 18 girls in the trial. The 
average age was 8 years (SD -+ 2). Clinical assess- 
ments were completed in 26 and school forms were 
completed in 23. 

Less wetting occurred during the trial period than 
before, but no significant differences (P>0-05) 
emerged using analysis of variance when the drug 
(n = 14) and placebo (n = 13) groups were com- 
pared, looking at wetness and dryness scores before 
treatment, on the smaller dose, on the larger dose, 
and on the follow-up (Table). 

The drug and placebo groups did not differ 
significantly on the Rutter A Scale, the Conners 
Teachers Questionnaire, or on the Eysenck person- 
ality inventory. The placebo group had significantly 
high T (11-5 versus 5-0) and A (3-6 versus 0-4) 
scores on the Rutter B Questionnaire (P<0-05). 

Analyses of covariance were carried out using 


` wetness and dryness scores as dependent variables. 


Differences in values on the smaller compared with 


'-„ the larger doses and those before starting treatment 


were looked at, taking into consideration age, 
gender, Rutter A T score, Rutter B P score, and the 
mother’s Eysenck personality inventory N score. 
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There were no significant differences between drug 
and placebo groups. 

Maximum functional bladder capacities were 
small (mean 174 ml) in the sample but did not differ 
between the drug and placebo groups, before 
starting treatment, or between the smaller and the 
larger dose. There was no significant change ia 
maximum functional bladder capacity with treatment 
(P>0-05). 

A comparison between day wetting children 
(n = 23) and the same number of controls from 
their class at school showed no significant differences 
in age (mean 8-3 years in each group) or gender 
(8 boys and 15 girls in each group). Scores on the 
Rutter B T scale were significantly higher in the day 
wetting children (mean = 7-6) compared with the 
controls (mean 2:7, F = 9-3, P<0-01). All 5 of the 
Conners Teachers Questionnaire factors showed 
significantly higher scores in the day wetting children 
(cases/controls: factor I 6-4/1-0, F = 8-4, P<0-01, 
factor IT 4-5/1-3, F = 11-3, P<0-01, factor IN 
6-3/3-7, F= 4-1, P<0-05, factor IV 6-0/2-1, 
F = 9-3, P<0-01, factor V —2-6/—0-4, F = 9-1, 
P<0-01). 


Comments 


The two groups of children with daytime wetting 
were typical in terms of age distribution and the 
predominance of girls. Their fairly small maximum 
functional bladder capacities and the excess of 
behavioural problems at home and at school were 
also characteristic of diurnal enuresis.1 2 

In view of the fact that imipramine relieves 
nocturnal enuresis, while the drug is being taken,‘ it 
is surprising that we did not find it to affect daytime 
wetting significantly. It could be argued that since the 
pharmacokinetics of the drug vary considerably with 
different patients, larger doses might have been 
more effective for some children. Because cases were 
randomly assigned to treatment groups it was 
possible to use analysis of covariance on looking at 
the results. Yet no significant differences appeared - 
when age, gender, and the various measures of 
psychological disturbance were allowed for. 

Six of the children became reliably dry during the 
treatment trial, and most others had considerably 


Table Average wetness score and average number of dry days, before treatment, on smaller dose (25 mg), on 


larger dose (50 mg), and on follow-up 


Group Average wetness score in previous 4 weeks Average number of dry days in previous 4 weeks 
. Before On smaller On larger 6 month Before On smaller On larger 6 month 
treatment dose dose follow-up treatment dose dise follow-up 
Imipramine (0 = 14) 40 28 21 20 4 9 i! 10 
Placebo (n = 13). 36 27 26 30 6 12 15 9 
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less wetness. This overall improvement is presumably 
explained by placebo effect and spontaneous 
remission rate. The failure of maximum bladder 
capacities to show any substantial increase corre- 
sponding to this improvement is further evidence 
of the unsatisfactory nature of this measure.’ ® 

Our trial suggests that imipramine, which is 
potentially dangerous because of the risks of 
accidental or deliberate overdose, should not be used 
for the treatment of children with diurnal enuresis. 


We thank Ciba-Geigy for supporting this trial, and 
Mrs Wendy Pearson for assistance. 
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SUMMARY Hypocupraemia with normal caerulo- 
plasmin levels was found in a 2l-month-old boy 
admitted to hospital because of repeated seizures 
and failure to thrive. He had blonde curly hair, 
spurring of the femora and tibiae, and mild anaemia, 
but his mental development, electroencephalogram, 
and structure of the hair on microscopical examina- 
tion were normal. There was a general improvement 
in his condition with supplements of oral copper 
but as soon as these were reduced or stopped hypocu- 
praemia and seizures resumed. Family investigation 
showed copper deficiency with mild symptoms in the 
mother and the maternal uncle. The pedigree suggests 
possible autosomal dominant or X-linked dominant 
transmission. 


Although several conditions leading to sporadic 
copper deficiency have been described, only two 
diseases, Wilson’s hepatolenticular degeneration and 
Menkes’s kinky-hair syndrome, are regarded as 
inherited abnormalities of copper metabolism.! 

We report on what is perhaps a new form of 
familial hypocupraemia. 


Case report 


The propositus, birthweight 2-95 kg, had a normal 
delivery and no perinatal complications. At age 6 


months he was admitted to hospital because of a 
seizure and subsequent hypotonia. On admission 
there were no abnormal physical, neurological, or 
biochemical findings except for moderate anaemia. 
Serum copper level was not determined. As there 
were no symptoms he was discharged 6 days later. 

During the next year, although his psychomotor 
development was good, weight gain was poor and 
he had frequent infections. 

At age 21 months he was referred to our depart- 
ment because of seizures and hypotonic attacks. 
On admission his weight was below the 3rd centile, 
but height and head circumference were between the 
10th and 25th centiles. His appearance was charac- 
teristic with a broad nasal bridge, Cupid’s bow upper 
lip, and blonde curly hair (Fig. 1). The skin on his 
face was moderately seborrhoeic. Muscle tone, 
mental development, electroencephalogram, and 
eyes were normal. Radiological skeletal survey 
showed broadening and spurring of the femora 
and tibiae. Skeletal age corresponded to the chrono- 
logical age. On microscopical examination the child’s 
hair showed normal structure. 

Levels of serum glucose, electrolytes, pH, 
calcium, magnesium, zinc, immunoglobulins, hepa- 
tic and renal function tests, urine analysis, blood and 
urine amino-acid chromatography, glycosamino- 
glycan excretion were all normal. Stool bacteriology 





Fig. 1 Appearance of the propositus at age 21 months. 


and parasitology were negative. Haematological 
studies showed hypochromic anaemia: Hb 10-5 g/dl, 
haematocrit 32%, white blood count 10-5 109/I, 
platelets 180x 10°9/l. The serum iron level was 
extremely low, 4-6 umol/l (25-7 ug/100 ml). The 
serum copper concentrations were also very low, 
7-8 and 7-0 umol/! (49-7 and 44-6 ug/100 ml), but 
caeruloplasmin levels were repeatedly normal, 0-30 
to 0-44 g/l. Urinary copper excretion proved to be 
26-4 ug/24h (0-4 umol/24h). (Normal values in our 
laboratory: serum iron 9-5—26-8 umol/l, serum 
copper 12-4—-20-0 umol/I, caeruloplasmin 0-30-0. 56 
g/l, urinary copper excretion 15-45 ug/24h for 
children, and 20-130 ug/24h for adults.) Copper 
concentrations were measured by means of atomic 
absorption spectrophotometry, caeruloplasmin by a 
radial immunodiffusion method. 

Since the clinical picture correlated well with 
hypocupraemia, we started the patient on supple- 
ments of oral copper in the form of copper sulphate 
syrup. The results and course of treatment are shown 
in Fig. 2. 

Supplements of 7-5 mg elementary copper per 
24 hours kept the serum copper level normal. If this 
dose was reduced or stopped concentrations were 
again very low and the child became unconscious 
for short periods and seizures were resumed; twice 
he had hypotonia. With copper supplements the 
child thrived and his weight reached the 10th centile. 
At age 40 months his IQ was 104, and the electro- 
encephalogram normal. Although he received no 
iron therapy, the anaemia disappeared, the serum 
iron levels increased after 2 months of copper 
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Fig. 2 Effect of copper supplementation on plasma 
copper level and neurological symptoms of the patient. 


supplementation to 11-2-27-0 umol/l (62-6-150-8 
ug/100 ml) with normal TIBC values. The copper 
content of the hair was first measured at that time; 
it proved to be high, 62-4 ug/g. 


Family investigation 


Seven family members were examined and bio- 
chemically tested. 

The father and the two brothers were physically 
and biochemically normal. Their serum copper 
levels varied between 20-9 and 23-5 umol/I (133 and 
149-7 ug/100 ml). 

The mother of our patient was a 28-year-old, 
conspicuously thin woman. She had always been 
pale and susceptible to recurrent infections but she 
had never had seizures. Her face was seborrhoeic, the 
hair thin. She complained of increasing loss of hair, 
in consequence of which she was almost bald at the 
top of the head. Serum copper levels were sub- 
normal, 11-0 and 10-4 mol/l (70 and 66 ug/100 ml), 
Hb 11-3 and 11-0 g/dl, urinary copper output 128-0 
ug/24h (2 umol/24h). The copper content of her hair 
was moderately decreased, 13-0 ug/g. 

The mother’s brother was also thin. As a child he 
had often been ill, but had never had seizures. He had 
had blonde, extremely curly hair, but had been bald 
since aged about 24 years. His skin was seborrhoeic. 
His serum copper level was 10-4 umol/l (66 ug/ 
100 ml), caeruloplasmin 0-36 g/l. His two sons were 
healthy; they had no seizures, and their hair was 
brown and slightly curly. Their serum copper concen- 
trations varied between 13-4 and 17-0 umol/l 
(85-4 and 108 ug/100 mil). 

The diet of the family members was mixed, and 
certainly contained satisfactory quantities of copper, 
iron, and vitamins. 
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Discussion 

Copper deficiency has been noted in infants of low 
birthweight, in malnourished babies, in infants fed 
with a milk formula of low copper content, in 
patients receiving prolonged parenteral nutrition or 
alkali medication for renal acidosis, or on long-term 
‘zinc therapy. All these causes could be excluded in 
our patient and in his family. 

The face and the curly hair of the propositus 
suggested Menkes’s syndrome. However, this in- 
herited copper deficiency is characterised by severe 
neurological deterioration leading to death by 3 to 
4 years, by pili torti, tortuosity of arteries, and 
decreased caeruloplasmin levels. None of these 
features was found in our patient, and in Menkes’s 
syndrome oral administration of copper is generally 
ineffective. Considering the normal mental develop- 
ment and the normal caeruloplasmin levels of the 
child, his condition does not correspond to the 
‘mild form of Menkes’s syndrome’? nor does it 
‘correspond to so called pseudo-Menkes’s syn- 
drome.‘ 5 

We were not able to clarify the mechanism of 
copper deficiency in the family reported here. 
Excessive renal loss of copper and insufficient dietary 
intake could be ruled out, and the underlying cause 
is probably a defect in the absorption of copper. 
Considering the mild and reversible symptoms the 
mechanism must certainly differ from that of true 
Menkes’s syndrome.® 7 


The inheritance of copper deficiency in the family 
examined may represent an autosomal or an X- 
linked dominant trait. 
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Pseudohypoaldosteronism. Response to long-term treatment with 


indomethacin 


M BOMMEN AND C G D BROOK 


Department of Paediatrics, Middlesex Hospital, London 


SUMMARY A 6-month-old boy presented with 
features of pseudohypoaldosteronism. Considerable 
quantities of supplemental sodium failed to com- 
pensate his natriuresis but indomethacin, a prosta- 
glandin inhibitor, greatly reduced. his sodium 
requirement. Treatment was maintained for 9 
months when re-evaluation showed him to be 
dependent on indomethacin for satisfactory control. 


A boy of consanguineous Saudi-Arabian parents, 
birthweight 3 kg, presented from a few weeks of age 
with lethargy, vomiting, recurrent hyponatraemic, 
hyperkalaemic dehydration (for example serum 


“ 


sodium 109 mmol/l, potassium 7 mmol/l). There 
was no response to 15 yg/24 h 9a-fludrocortisone or 
to 2 mg/24h DOCA but large supplements of 
sodium corrected the biochemical abnormalities. 

He was referred to us aged 6 months, weighing 
4-8 kg. Apart from a slightly raised (110/65 mmHg) 
blood pressure (BP) his clinical condition was 
normal. The principal biochemical findings are 
shown in the Table. Levels of urinary urea, creatinine, 
calcium, and phosphate, and amino-acid excretion 
were normal. 

During a vomiting, hyponatraemic episode his 
resistance to 30 ug/24h 9a-fludrocortisone was 
demonstrated and it was with difficulty that the 
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Table Biochemical findings at age 6 months 


a , 














Investigation Sodium Normal 
Depleted Replete 
Serum 
Sodium (mmol/l) 120 135 132-135 
Potassium (mmol/l) 7 4 3-3-4-5 
Urinary sodium (mmol/l) +160 +150 <30 
sodium: potassium ratio 32 3-4 3, but <1 in hyperaldosteronism 
Salivary sodium (mmol/l) fed ? 23 20-45 
sodium: potassium ratio 0-78 0-3-1-0 
Sweat sodium (mmol/l) ? 17 <60 
sodium: potassium ratio ? 1-54 +3 
Wet faeces (mol/g) ? 25 +30 
Plasma ACTH (ng/l) at 0800 h ? 54 <60 
at 2400 h ? 36 <10 
Cortisol (nmol/l) at 0800 h ? 275 130-550 
at 2400 h ? 113 55-415 
Aldosterone (pmol/l) 3120 719 150-3000 (infants) 
Renin activity (pmol/ml per hour) 29-3 14-0 3-5 (infants) 
17-OH-progesterone (mmol/l) 120-0 33 <5 
Day 
-2 O 2 4 6 8 0 2 4 610 2 4 
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Figure Effect of indomethacin on renal water and electrolyte excretion (a) at first admission (b) at second admission. 


osmotic diuresis was eventually compensated by 
large intakes of sodium 25 mmol/kg and fluid (milk) 
200 ml/kg daily. His balance remained precarious 
however, so indomethacin was started to try to 
facilitate control (Fig. la). After a transient response 
to smaller doses, | mg/kg three times daily resulted 
in reduced sodium and fluid requirements after 
48 hours, with improved potassium excretion and a 
slight drop in BP from 110/60 to 100/60 mmHg. 
Plasma indomethacin was 0-8 mg/l (adult therapeutic 
range 1-3 mg/l). Blood urea and serum creatinine 
levels remained normal. Four days later he became 
fluid overloaded, with plasma aldosterone reduced 
to 590 pmol/l and plasma renin activity (PRA) 


reduced to 5-35 pmol/ml per hour. Daily sodium and 
fluid intakes were reduced to 8 mmol/kg and 
150 ml/kg respectively. He was discharged on 
indomethacin, weighing 6-4 kg. 

On review at age 18 months he had required a few 
brief admissions for vomiting. BP was 100/60 mmHg. 
He had been receiving 2-1 mg/kg daily indomethacin 
with a sodium intake up to 9 mmol/kg. PRA was 
22:4 pmol/ml per hour, plasma aldosterone 840 
pmol/l, and aspartate transaminase 58 [U/l (normal 
<40). His length (74:7 cm) and weight (8-8 kg) 
were just below the 3rd centile but were appropriate 
as his parents were small. 

When indomethacin was stopped without altering 
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sodium or fluid intake, he entered negative sodium 
balance within 48 hours and became dehydrated 
(Fig. 1b). The pseudohypoaldosteronism (PHA) had 
clearly not remitted so he was discharged on indo- 
methacin 2 mg/kg daily with sodium 6 mmol/kg, and 
fluid about 120 ml/kg. 


Discussion 


This patient differs from others previously reported 
by the severity of his osmotic diuresis and by his 
maintenance treatment with indomethacin. The 
pattern of response raises questions about the 
pathophysiology of PHA. 

Since 1958, 42 cases of PHA have been described.! 
Common features have been vomiting, lethargy, and 
failure to thrive from early infancy; there is salt- 
wasting and hyperkalaemia with raised levels of 
plasma aldosterone and PRA.’ Most cases have 
presented with natriuresis, but one report demon- 
strated multiple aldosterone end-organ resistance, 
and another showed only sweat and salivary gland 
insensitivity.2 Control has been achieved by large 
dietary sodium supplements. Some cases have 
been familial.1 4 


(1) Aldosterone end-organs. The membrane-bound 
enzyme system Na, K-ATPase, is normally stimu- 
lated by an increased sodium work load on the 
nephron.‘ Support was therefore given to the 
concept of intrinsic tubular abnormality when 
Bierich and Schmidt found deficient Na, K-ATPase 
activity throughout the renal tubule in a case of 
PHA.’ At least distal tubular aldosterone insensi- 
tivity must be present to explain the hyperkalaemia; 
effects of aldosterone on the proximal tubule are 
controversial. Further evidence for end-organ 
resistance is given by involvement of other 
aldosterone targets in PHA? and by its resistance to 
exogenous mineralocorticoids.* 


(2) Renin-aldosterone axis. Raised aldosterone levels 
could be explained partly by a direct positive feed- 
back from the end-organ or from hyperkalaemia, 
and partly by activation of the RA-Aldos axis in 
_ response to impaired renal perfusion.” Excess PRA 
is reflected in hyperplasia of the juxtaglomerular 
apparatus in PHA.‘ In our patient, raised plasma 
17-OH progesterone and aldosterone (Table) in a 
salt-depleted state supports an increased renin- 
aldosterone drive, rather than an 18-oxidation 
defect. Urinary adrenal androgen and corticosterone 
metabolites were also slightly raised in the depleted 
state. 


(3) Prostaglandins. The renal PGs were first incrimi- 
nated in PHA by Rampini et al.? Their patient had 


less natriuresis during a 4day course of indo- 
methacin. Renal PGs El and E2 promote vaso- 
dilatation, saliuresis, kaliuresis, and hydromosis. 
During hypovolaemia, they probably contribute to 
renovascular homeostasis by redistributing blood to 
the juxtamedullary nephrons, which are in fact 
predominantly natriuretic. PGE, inhibits Na, 
K-ATPase® so its overactivity would partly explain 
the findings of Bierich and Schmidt.4 Water loss is 
promoted by PGE, through inhibition of cyclic- 
AMP-mediated collecting duct sensitivity to vaso- 
pressin and PGE, can stimulate the RA-Aldos 
system.® 

PHA involves multiple, complex interactions 
between aldosterone end-organs, renal PGs, and the 
RA-Aldos system, creating a vicious circle. Salt- 
wasting seems to persist in adulthood but the 
tendency to negative sodium balances is ameliorated 
by age 2 years in most cases, possibly through the 
combined effects of an improved salt appetite and 
maturation of end-organ ATP-ase function.1-* 
The persistently raised PRA at 18 months in our 
patient illustrates that, although the clinical effects 
of PHA were controlled, biochemical compensation 
remained incomplete. 

The potential toxicity of indomethacin precludes 
its recommendation for routine treatment of PHA 
(our patient’s AST levels, for example, were slightly 
raised) but in severe, life-threatening cases it may be 
a valuable adiunct to sodium supplementation. 


We thank Dr W Schutt and Dr R Prosser for 
referring this patient to us. 


References 


1 Dillon M J, Leonard J V, Buckler J M, et al. Pseudohypo- 
aldosteronism. Arch Dis Child 1980; 55: 427-34. 

2 Rampini S, Furrer J, Keller H P, Bucher H, Zachmann M. 
Congenital pseudohypoaldosteronism: case report and 
review. Hely Paediatr Acta 1978; 33: 153-67. 

3? Oberfield S E, Levine LS, Carey R M, Bejar R, New M I. 
Pseudohypoaldosteronism: multiple target organ un- 
responsiveness to mineralocorticoid hormones. J Clin 
Endocrinol Metab 1979; 48: 228-34. 

4 Bierich J R, Schmidt U. Tubular Na, K-ATPase 
deficiency, the cause of the congenital renal salt-losing 
syndrome. Eur J Pediatr 1976; 121: 81-7. 

5 Lee J B, Patak R Y, Mookerjee B K. Renal prostaglandins 
and the regulation of blood pressure and sodium and 
water homeostasis. Am J Med 1976; 60: 798-816. 

® Anonymous. Prostaglandins in the kidney. Lancet 1981; 
ii: 343-5. 


Correspondence to Dr M Bommen, Department of 
Paediatrics, The Middlesex Hospital, Mortimer Street, 
London WIN 8AA. 


Received 10 March 1982 


Archives of Disease in Childhood, 1982, 57, 721-723 


Correspondence 


Child health services after 
reorganisation 


Sir, 

I was pleased to see the article on this important issue. 
Unfortunately the facts are more unsatisfactory and 
uncertain than Dr Wilson’s analysis suggested.! 

. The question is not what is best for paediatricians or 
clinical medical officers, but what is best for children and 
their parents? Children have special needs which they 
cannot articulate for themselves; therefore society has a 
duty to ensure that these are identified and consistently 
represented. 

Whose voices are speaking for children at the begin- 
ning of reorganisation ? At government level the Children’s 
Committee was silenced by the present government before 
it had found its voice. In the regions the previous 
Paediatric Advisory Committee may be retained. If it is, it 
will be concerned with regional planning and major 
facilities; committed to the slow uphill struggle to bring 
the scattered children in hospital into a comprehensive 
children’s department or hospital. In the district there is 
no effective voice within the system. The significance of the 
Area SCM (CH) lay in her ability to speak for children 
to the Area Medical Officer and to have rightful access to 
the area team of officers. However, her experience of 
child health was generally limited to the developmental 
and preventive aspects. This was certainly valuable in 
the ‘child indifferent’ climate which has prevailed 
throughout my professional life; it was not the optimum 
solution, and the generic community physician will be a 
weaker advocate. Children are not an addendum to 
society; they are its responsibility and its future. 

As I see it (and I shall be pleased to be corrected) there 
is no established body at district level within the service 
to keep children’s needs under constant review, and able 
to speak with authority to the district team of officers. 
Such a body must be established: its form should be 
decided by those providing the clinical and preventive 
care of children in the district. In recent years the Joint 
Care Planning Team, provided its composition was 
sufficiently representative, was one possible pattern. It 
was not mandatory, and its advice was not always heeded. 
A cogwheel type of committee which stretched into the 
community, representing both primary and secondary 
care, existed in most districts and was effective if its 
authority was recognised. 

The previous government was committed to an in- 
tegrated health service for children as is the present one; 
surely it would be politic for all the professional organisa- 
tions to work together for its realisation. Senior and 
experienced clinical medical officers could assist this 
process by joining their own association or by seeking 
associate membership of the British Paediatric 
Association. 


The Forfar committee’s far reaching report contains a 
gracious and generous way to achieve the integration of 
clinical medical officers into general practice as an 
essential part of primary care. I understand another com- 
mittee is considering how the senior clinical medical 
officers can evolve into consultant paediatricians with 
developmental, educational, and social responsibilities. 

The voice for children is only a whisper and its restora- 
tion will depend on the British Paediatric Association 
acting in unison with the representatives of the clinical 
medical officers and the Royal College of General 
Practitioners. Together they could succeed; divided they 
will certainly fail. 
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Glucose-polymer in acute diarrhoea 


Sir, 
Sandhu ef a/.! gave a glucose polymer to 7 babies with 
mild diarrhoea. One refused it, 4 did well, one had 
diarrhoea for 5 days until it was stopped, and one became 
very ill. These outcomes may correspond to the possible 
fates of the Caloreen. It may be rejected by the old and 
discriminating, and with it the water he needs. It may be 
hydrolysed slowly and absorbed promptly by the not too 
ill, as the authors hoped. It may be passed unchanged or 
as an oligosaccharide, taking water with it and perpetua- 
ting a glucose-negative diarrhoea. Lastly it may be 
hydrolysed completely, or nearly so, but not absorbed. 
In this form it will draw from the body up to 14 times its 
volume of water (but not salt) causing hypovolaemia, 
perhaps hypernatraemia, and a very sick baby. If he is 
later given dilute liquid by mouth ‘water ad libitum’ or 
vein, he risks cerebral and renal oedema and fits, or 
anuria. 

It seems unwise on the present evidence to recommend 
Caloreen for babies with diarrhoea. 
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Sir, 

Sandhu et alt showed convincingly that oral rehydration 
with a glucose-polymer solution (12:5 g/100 ml, giving 
730.mmol/1 glucose) and 90 mmol/l sodium predisposes to 
hypernatraemia. In so doing they reproduced the cir- 
cumstances that contributed to the epidemic of hyper- 
natraemia in the 1950s.* At that time commercial oral 
rehydration solutions were changed to high concentrations 
of glucose polymers, and probably caused hypernatraemia 
despite an unexceptional concentration of sodium, 50 
mmol/l. The imbalanced ratio of glucose to sodium, 
and the high concentration of the former, cause osmotic 
loss of water from the intestines,’ and increase stool loss 
(well demonstrated in the study by Rodriguez et al. 
cited also by Sandhu et al.). 

The authors mis-stated my analysis? of the nutritional 
benefit of oral rehydration. It is not the glucose content 
that benefits, as they imply, but the improved appetite 
for normal foods brought about by rapid rehydration 
and electrolyte repletion. Trying to increase caloric 
density with an expensive poly-glucose is the wrong 
approach to nutrition as well as to rehydration. 

Rapid oral rehydration with the WHO formula, using 
the monomer glucose, or sucrose, and early refeeding is a 
well-proved treatment which does not lead to hyper- 
natraemia even in rotavirus infection.’ 
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Dr Sandhu and co-workers comment: 


It is true that palatability of a glucose-polymer electrolyte 
solution may prove a problem in older children, but the 
child referred to by Dr Hughes-Davies as refusing re- 
ceived sufficient to allow rehydration. We agree that 
glucose-polymer may be incompletely absorbed as may 
be the case with many ‘normal’ often starch-containing 
foods, which are reintroduced immediately after rehydra- 
tion. Despite evidence of malabsorption of glucose- 
polymer Rodriguez et al. found recovery without 
hypernatraemia the rule in their subjects. However, we 
should like to emphasise that, contrary to suggestions in 
the above letters, wé did not recommend the formulation 
used in our study for widespread use but suggested that 
further studies using a much lower sodium and glucose- 
polymer content were required. The statement by Dr 


Hirschhorn that a sodium, content of 50 mmol/l is 
‘unexceptional’ ignores the possible contribution of such 
levels to the development of hypernatraemia. 


Intracranial haemorrhage due to 
vitamin K deficiency associated with 
alpha-1l-antitrypsin deficiency type Pi Z 
Sir, 

We read with interest the report by Hope et a/.1 describing 
3 infants with «-l-antitrypsin deficiency who developed 
a bleeding diathesis during the first month of life. They 
stressed the scarcity of such reports. We recently treated 
a 23-day-old infant with «-l-antitrypsin deficiency and 
phenotype Pi ZZ who, 12 hours after admission for 
evaluation of cholestasis, developed seizures, coma, 
bulging fontanelle, and excessive bleeding from puncture 
sites. A 9% reduction in haematocrit was noticed and 
lumbar and ventricular taps were grossly haemorrhagic. 
He was breast fed and had not received vitamin K at birth. 
The prothrombin index was low but soon increased after 
vitamin K administration. Shortly after the haemorrhagic 
episode, hydrocephalus was noted and a ventriculo- 


_ peritoneal shunt had to be implanted. At present (age 20 


months) he has left hemiplegia and moderate develop- 
mental delay. Liver function tests remain only slightly 
abnormal. 

Intracranial haemorrhage has seldom been quoted as an 
early complication linked to vitamin K deficiency in g- 
l-antitrypsin deficiency.* This case however, stresses the 
importance of this potential complication and indicates 
that an urgent determination of prothrombin index 
should be performed in any infant admitted for evaluation 
of neonatal cholestasis. 
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Alpha-1-antitrypsin deficiency, 
bleeding diathesis, and intracranial 
haemorrhage 


Sir, 
We should like to report another child who had «-1- 
antitrypsin deficiency with disordered clotting which 
presented as a presumed intracranial haemorrhage. 

This girl was born at term to unrelated healthy parents 
and the perinatal period was uneventful. Vitamin K was 


given routinely at birth and she was fully breast fed, 
and was thriving and developing normally. At age 6 
weeks she developed a blood-stained nasal discharge and 
48 hours later became lethargic, reluctant to feed, and 
was noticed to be jaundiced. Six hours later she collapsed 
and had a grand mal convulsion. 

When examined she was apyrexial, pale, and jaun- 
diced with a firm liver edge palpable 3 cm below the right 
costal margin; she was unresponsive and hypertonic with 
a tense fontanelle. There was excessive bleeding from 
venepuncture sites and cerebrospinal fluid obtained from 
lumbar puncture was grossly blood stained. The hae- 
moglobin concentration was 9-8 g/dl with a normal 
blood film; platelet count was normal but prothrombin 
time was more than 120 seconds. 

Vitamin K and fresh frozen plasma were given. 
Within 6 hours her haemoglobin concentration fell to 
6-8 g/dl. Liver function tests were abnormal (bilirubin 
132 umol/l, unconjugated 80 umol/l, with increased 
levels of transaminases) but clotting tests were nearly 
normal (prothrombin time 19 seconds, control 14 seconds). 
A provisional diagnosis of acute encephalopathy was 
made and she was treated intensively with endoctracheal 
intubation, hyperventilation, and high dose phenobarbi- 
tone in an attempt to reduce intracranial pressure. 
Ultrasound examination showed normal ventricles with 
no evidence of intraventricular haemorrhage but sub- 
dural effusions could not be excluded and as the fontanelle 
was still tense 28 hours after the initial seizure, bilateral 
subdural taps were done which showed heavily blood- 
stained cerebrospinal fluid under pressure on the right 
side. 

There was no subsequent evidence of bacterial or viral 
infections. Six weeks after the acute illness she had begun 
to smile again but was generally hypertonic. There had 
been no increase in head circumference and computerised 
tomography showed widespread cerebral atrophy with 
bilateral subdural effusions. Plasma protein electro- 
phoresis showed that the «-1 band was greatly reduced. 
The concentration of «-l antitrypsin was 0-5 g/l and 
phenotype homozygous Pi Z (father: 0-9 g/l, MZ: 
mother: 1-2 g/l, MZ: adult reference interval 1-8-3-0 g/l). 
A liver biopsy specimen showed extensive fibrosis with 
PAS-positive diastase-resistant granules in the periportal 
zones, and electron microscopy also showed the typical 
appearance of «-l-antitrypsin deficiency. 

We think that the bleeding disorder was caused by the 
a-l-antitrypsin deficiency and as a result she suffered an 
intracranial haemorrhage with extension into the sub- 
arachnoid space. We confirm the conclusions of Hope 
et al.’ that «-l-antitrypsin deficiency may present as a 
bleeding diathesis. Early diagnosis and treatment are 
needed to prevent devastating sequelae. 
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New sign of tracheo-oesophageal 
fistula ? 


Sir, 

The classical presentation of oesophageal atresia with 
tracheo-oesophageal fistula is the ‘bubbly’ baby who has 
difficulty swallowing his or her own saliva and whose 
respiration becomes noisy. 

I offer a new sign of tracheo-oesophageal fistula, 
tentative because in clinical medicine new clinical signs 
are often signs rediscovered, and also because it is based 
on observations in a single baby. He was born by elective 
caesarean section at 40 weeks’ gestation. There were no 
clinical signs of polyhydramnios and no excess of amniotic 
fluid noted when the uterus was incised. Resuscitation was 
routine although the baby became secondarily apnoeic 
at 5 minutes and had to be aspirated under direct vision, 
when a small amount of viscid mucus was obtained. One 
hour later a similar thing happened but the baby was not 
‘bubbly’. 

An attempt to pass a nasogastric tube failed and x-ray 
films showed the curled up tube in the upper third of the 
oesophagus. Auscultation of the chest was equal on both 
sides but the striking feature was that on auscultation 
of the abdomen, especially the upper half, breath sounds 
were as easily heard as over the chest, although they had 
a slightly resonant or amphoric quality. On reflection 
this would not be surprising in the common type of 
tracheo-oesophageal fistula where the middle portion of 
the oesophagus is atretic and the lower third moiety 
communicates with the trachea. In the baby we described 
this communication was wide and joined with the trachea 
at its bifurcation. 

[I should like to know whether other workers have 
either noticed this sign or have read about it. 


D M Lewis 

Department of Paediatrics, 
Bronglais General Hospital, 
Aberystwyth S Y23 IER 


Archives of Disease in Childhood, 1982, 57, 724-728 


Book reviews 


Boundary and Space. An Introduction to 
the Work of D W Winnicott. By M Davis 
and D Wallbridge. (Pp. 196 incl. index; 
£9-00 hardback.) Karnac: London. 1981. 


Winnicott’s standing is such that many 
paediatricians and child psychiatrists who 
are not familiar with his writings feel they 
should be, but they have either not had 
the time to study his work, or have tried 
but failed to comprehend it. Winnicott 
has a reputation for being difficult to 
understand and I asked myself as I read 
this book whether I could recommend it 
to the ‘average’ paediatrician who is 
already swamped with reading matter. 

The background to this volume lies in 
the formation of the Winnicott Publication 
Committee founded in 1975 to make his 
work better known to students. The 
committee appointed the authors to 
produce a general introduction to, and 
appraisal of his work. The book is divided 
into three parts. Part one discusses 
Winnicott’s personal qualities and beliefs, 
and the evolution of his theory of emo- 
tional development. Part two, which 
forms the bulk of the book, describes and 
discusses in depth his theory of emotional 
development. Part three briefly considers 
the implications of his theory. 

This is undoubtedly a comprehensive 
and useful introduction to. Winnicott’s 
ideas; it is well written, attractively 
produced, easy to read, and liberally 
sprinkled with quotations from his 
writings. It would make a valuable 
addition to the library of any serious 
student of his work. But what about the 
busy paediatrician who would like to 
know more about his ideas than ‘good- 
enough mothering’ and ‘transitional 
objects’? If he is prepared to work hard 
‘and tackle this book—as is a medical 
student confronted with a basic text of 
physiology—then certainly he should read 
it; it is fairly short and not too expensive. 
But if the time, energy, or motivation is 
not there then this is the wrong book 
because it is not for the casual reader. 
Busy practitioners may do better to read 
selected chapters from The child, the 
family, and the outside world or Collected 
papers: through paediatrics to psycho- 
analysis. Although I didn’t see him in 
action Winnicott’s clinical skills always 


interested me more than his theoretical 
ideas. I am not saying that his theory of 


child development is unappealing——far 


from it—but rather that as a clinician he 
was simply superb. Only a few would have 
had his ability to make such significant 
and therapeutic contact with children. In 
this respect, there can be no more worth- 
while book to read than his Therapeutic 
consultations in child psychiatry. 


BRYAN LASK 


Clinical Paediatric Endocrinology. Edited 
by C G D Brook. (Pp. 684 incl. index; 


illustrated-++tables. £48-00 hardback.) > 


Blackwell: Oxford. 1981. 


This is a new multi-author textbook of 
paediatric endocrinology under English 
editorship. It contains 35 chapters by 40 
contributors, most of them from the UK 
and Europe, but with the USA and 
Australia also represented. The bound- 
aries of endocrinology in paediatrics are 
wide and difficult to define but a compre- 
hensive approach is taken here. This is 
reflected in the grouping of chapters into 
8 major sections under the headings 
I Fetal growth and endocrinology: sexual 
differentiation; OI Growth; II Puberty 
and problems of the reproductive system; 
IV The hypothalamopituitary axis; V The 
thyroid gland; VI The adrenal gland; 
VU Calcium metabolism; VIH Gastro- 
intestinal hormones and carbohydrate 
metabolism. Because so many topics are 
covered individual chapters are neces- 
sarily short and many include several 
pages of references. The general standard 
of these reviews is high and each serves 
as a good introduction to the relevant 
original sources. The emphasis is perhaps 
rather less clinical and more physiological 
than the title of the book implies but such 
an approach enhances understanding of 
clinical problems and the practical advice 
given is generally sound. 

It is to the .editor’s credit that the 
unevenness inevitable in a work with so 
diverse a company of contributing authors 
is not more evident. There are however, 
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apparent problems of balance betweem 
contributions. Some topics of major 
clinical importance (such as diabetes 
mellitus, hypothyroidism, and congenital 
adrenal hyperplasia) are given short shrift 
whereas others (such as the dysmorphic 
syndromes which are marginal to endo- 
crinology and well described elsewhere, 
are allowed to occupy disproportionate 
space. 

There is no doubt that this book. 
represents a major contribution to the 
literature on paediatric endocrinology 
despite the price clinicians with a specia 
interest in this field will wish to own it anc 
all paediatricians and endocrinologist- 
should have access to it. 


N D BARNE 


MacKeith’s Infant Feeding and Feeding 
Difficulties, sixth edition. By C B S Woo 
and J A Walker-Smith. (Pp. 334 inc 
index; illustrated+tables. £8-00 paper 


_ back.) Churchill Livingstone: Edinburgt 


1981. 


The first edition of this book, by Phil 
Evans and the late Ronald MacKeitl 
was published in 1951; thirty years late 
the sixth edition is the first to appe 
without the guiding hand of eithe 
Christopher Wood and John Walke 
Smith are to be congratulated on mab- 
taining the qualities which made its fi» 
predecessors so popular, and much of tł 
original graceful, lively prose remain 
The chapter headings of recent editior 
have been retained, but various par 
have been expanded or updated, ar 
important new references added. The 
include sections on the various cows’ mi 
preparations, on gastroenteritis, cow 
milk protein intolerance, protein-ener{> 
deficiency syndromes, and metabolic dist 
orders. A few pages on feeding problen» 
in a multiracial society are a helpf 
addition. The appendices, which ha: 
always been one of the most useful aspec 
of the book, have been revised and o 
on the Codex alimentarius has been adde 
This last consists of a brief explanato. 


ote on, and reference to, the recom- 
yended international standards for infant 
»0ds drawn up jointly by the United 
Nations Food and Agriculture Organisa- 
on and the World Health Organisation. 
This small book contains nearly every- 
ling one needs to know about infant 
eding and its problems. The drawings 
nd graphs are good and clear, and only 
ne photograph seems to have been 
adly reproduced. There are some 
‘iticisms; the bibliography for the 
«cretion of drugs into breast milk is not 
3 up to date as it should be, and some 
ata are missing. Those caring for 
xtremely low birthweight infants will not 
nd their dilemmas discussed in great 
epth. Proof reading seems to have been 
90 hasty; it is a pity to see the name 
2lliffe misspelt on the first page, and 
nnoying to be told at least three times to 
onsult p. 000 for a cross reference. 
espite these errors and omissions this is 
ne of the most helpful and practical 
ooks available on a topic of fundamental 
nportance. 


PAMELA A DAVIES 


ediatric Respiratory Disease, second 
lition. Edited by J Gerbeaux, J Couvreur, 
ad G Tournier. (Pp. 939 incl. index: 
ustrated+tables. £70-00 hardback.) 
/iley: New York. 1982. 


his book was written by a group of 
rench paediatricians, radiologists, and 
1ysiologists associated mainly with the 
opital Trousseau, Paris, and they tried 
cover comprehensively respiratory 
sease in children. It deals with the 
1atomy (particularly from the radio- 
gical viewpoint) and physiology of the 
Spiratory system, as well as common and 
re disorders affecting the upper and 
wer respiratory tract, mediastinum, 
d chest wall. It gives brief informa- 
ym on the techniques of endoscopy, 
onchography, pleural asviration, and 
icheostomy. 
Overall it is disappointing. Although the 
scription of some diseases is adequate 
2 approach to treatment, in many 
stances, is at variance with accented 
actice in the English-speaking world and 
ten seems to be without scientific basis. 
rere is an undue emphasis on rare 
sorders but the consideration of common 
nditions, such as asthma, is cursory. 
The specific section on respiratory 
ysiology is good and it is pleasing to 


see a strong physiological approach in 
other parts of the book. The reproduction 
of radiographs is excellent. 

Unfortunately there are a number of 
contradictory statements only a few pages 
apart and many errors of fact, such as the 
statement that obstruction from enlarged 
tonsils and adenoids is worse in the up- 
right position; these may be partly the 
fault of deficiencies in translation. 

This cannot be recommended to the 
average English-speaking paediatrician 
and it is unsuitable as a reference book 
for general practitioners and medical 
students: additionally its high cost will be 
a strong deterrent to widespread use. It 
will be of most value to the paediatrician 
with a specific interest in respiratory 
diseases who wants an insight into the 
current French approach; he may find it 
useful to have a review of some of the 
more important European literature. 


PETER D PHELAN 


Advances in Pediatrics. Vol. 28. Edited by 
L A Barness. (Pp. 500 incl. index; 
illustrated + tables. £37-25 hardback.) 
Year Book Medical Publishers: Chicago. 
1981. 


Advances in pediatrics has covered a 
period during which there has been an 
increasing number of advances to report; 
therefore it is not surprising that this is 
the largest volume to date containing 15 
articles covering a wide range of subjects. 
Some of these are long (for example, 52 
pages), and there are over 1300 references 
ranging from 265 for ‘Current trends in 
the treatment of self injurious behaviour’ 
to 6 for ‘Anatomical asymmetries in the 
adult and developing brain and their 
implications for function’. The Preface 
states that articles most likely to benefit 
the practitioner and to offer the investi- 
gator a source of topics that have reached 
a degree of concreteness outside the 
laboratory but are still too controversial 
to be included in newer textbooks have 
been selected. Examples of the latter type 
are ‘Thymic hormones and the immune 
system’ and ‘The somatomedins’ both of 
which are excellent reviews of their sub- 


ject but they leave so many open questions 


that at present they have little clinical 
application. 

The clinician will find useful articles 
such as ‘Lymphadenopathy in children’ 
and ‘Gastro-oesophageal reflux in child- 
ren’. Neonatologists will appreciate the 
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review by J F Lucey on ‘Clinical uses of 
transcutaneous oxygen monitoring’, but 
may find the use of torr as the measure- 
ment of TcPo, unfamiliar. Paediatric 
neurologists, endocrinologists, gastro- 
enterologists, and those interested in 
adolescence will find relevant articles, but 
there is nothing for the cardiologist or 
renal physician. 

This book will not satisfy everyone; it 
has the strength and the weaknesses of 
previous volumes of this type. 


A-J KEAY 


Clinical Diagnosis in Pediatric Cardiology. 
By J R Zuberbuhler. Modern Pediatric 
Cardiology Series. Executive Editor 
R H Anderson. (Pp. 192; illustrated. 
£18-00 hardback.) Churchill Livingstone: 
Edinburgh. 1981. 


The author intended to summarise the 
enormous amount of clinical material 
about congenital heart disease and to 
stress the importance of physical examin- 
ation; he achieved his purpose very well 
by drawing on the great wealth of his 
experience. He shows how one can 
arrive at an accurate clinical diagnosis 
and how, with the aid of recent major 
advances in non-invasive diagnosis in 
particular 2-dimensional echocardio- 
graphy, more and more patients with 
significant lesions are being managed on 
the history and physical signs in associa- 
tion with echocardiographic findings 
without invasive investigations. 

The first chapters on history and 
general physical examination relate these 
features to the underlying physiology in 
a clear and detailed way, enabling the 
physician fully to understand their 
meaning. After this come chapters on a 
wide range of paediatric cardiac diseases 
each with an introductory clinical course 
followed by physical findings and their 
significance, and accompanied by beauti- 
ful illustrations, simple and clear diagrams, 
phonocardiograms, pressure traces, echo- 
cardiograms, and angiograms all of which 
clearly illustrate an important clinical 
feature. 

I thought that the chapters on functional 
murmurs and the superb last chapter of the 
book on differential diagnosis, particu- 
larly the section on the assessment of the 
asymptomatic child with a murmur, 
were very useful. 

I enjoyed this book immensely and 
learnt a great deal from it and I strongly 
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recommend it to all paediatricians at 
every level. 
PHILIP G REES 


Concepts in Pediatric Neurosurgery. L 
Edited by The American Society for 
Pediatric Neurosurgery. (Pp. 235 incl. 
index; illustrated-+-tables. Sw fr 190, 
$114-00 hardback.) Karger: Basel. 1981. 


This is the first of a proposed series of 
research monographs to be published for 
the American Society for Pediatric 
Neurosurgery; 17 diverse papers review 
studies which sometimes concern rather 
small numbers of cases. The most sub- 
stantial is by Raimondi and Tomita on 
332 cases of intracranial tumour in 
children. This is useful and largely un- 
controversial but it suggests that medullo- 
blastomas should be treated by routine 
preliminary shunting, local radiotherapy 
only, and no cytotoxic agents. There are 
useful reviews and reports on series of 
vascular malformations of the brainstem, 
extradural haematomas, meningomye- 
loceles, and intermittent catheterisation 
for urinary incontinence (from Toronto, 
Chicago, Atlanta, and Indianapolis). 
Also from Toronto, comes a report of 
the current contribution of stereo- 
tactically controlled third ventriculostomy 
in the management of the hydrocephalus 
of aqueduct stenosis or the Dandy Walker 
syndrome; a case is made for its use as 
the first, not last, resort in selected cases 
in infancy who may thus be spared the 
hazards of shunting. There are papers on 
the interventional radiology of arterio- 
venous malformations, the ultrastructure 
of subdural membranes, and various 
technical surgical matters. McCullough 
and Wells take an aggressive view of the 
prevention of hydrocephalus after intra- 
ventricular haemorrhage in ‘premature’ 
infants by repeated lumbar drainage of 
blood-stained cerebrospinal fluid. Most 
readers will find some ammunition for 
debates with their neurosurgical col- 
leagues and much to disagree with 
themselves. 


DAVID GARDNER-MEDWIN 


Febrile Seizures. Edited by K B Nelson 
and J H Ellenberg. (Pp. 378 incl. index; 
` illustrated-+tables. $51-68 hardback.) 
Raven Press: New York. 1981 


This is the record of a Consensus Develop- 
ment Conference held at the National 


Institutes of Health, Bethesda, Maryland, 
USA 18-21 May 1980. The conference 
plan was that experts on the subject of 
febrile convulsions should present their 
views in formal papers, an attempt being 
made by the organisers to ensure that 
disparate views would be represented. 
The papers were followed by formal 
discussion led by named participants and 
then by free open discussion. A Con- 
sensus Development Panel consisting of 
10 people, each one an expert in a field 
relevant to febrile convulsions but 
without an axe to grind on the issue, 
would then examine the evidence pre- 
sented and ‘working into the early hours 


of the morning’ reach a verdict. It is. 


predictable that this sort of scientific 
democracy will produce a modal opinion 
deviating little, if at all, from current 
widely accepted practice. Such a plan will 
define safe, ‘straight down the middle’, 
acceptable opinion but it would be sur- 
prising if it were to result in that leap in 
understanding which can only be achieved 
at an individual level. Presumably if 10 
people were to consider any issue together 
their grasp of the issue, if it were measur- 
able, would have a mean and a distri- 
bution around the mean. The consensus 
would represent the mean but the best 
understanding would be that which 
deviated most from the mean in one 
direction, the worst that which deviated 
most in the opposite direction; the 
difficulty lies in deciding on which side of 
the mean lies the right road. 

Six questions were considered at the 
conference: What is a febrile seizure? 
What are the risks facing the child who 
has a febrile seizure? What can chronic or 
intermittent prophylaxis accomplish in 
reducing those risks? What are the 
potential risks of prophylaxis using the 
available forms of therapy? (the thought 
of using unavailable forms of therapy 
intrigues me!). What is a rational 
approach to management of children 
with febrile seizures, and which children 
should be considered for prophylaxis? 
Are further clinical, experimental, or 
epidemiological studies necessary ? 

Febrile seizures are defined -by J Gordon 
Millichap as ‘an event in infancy or child- 
hood, usually occurring between 3 months 
and 5 years of age, associated with fever 
but without evidence of intracranial 
infection or defined cause. Seizures with 
fever in children who have suffered a 
previous non-febrile seizure are excluded. 
Febrile seizures are to be distinguished 
from epilepsy, which is characterised by 


recurrent non-febrile seizures’. Nothing 
here about ‘simple febrile convulsions’ and, 
‘epilepsy precipitated by fever’. The 
Livingstonian concept dies hard in this 
country and, despite the fact that it- is 
unsupported by any recent evidence, it is 
still widely taught in our university 
departments of paediatrics; isn’t it time 
it was given a decent burial? 

This is essential reading for all paedi- 
atricians and anybody with an interest in 
febrile convulsions. As might be expected 
the editors’ views are widely represented. 
Dr Nelson contributes a carefully reasoned 
chapter on ‘Can treatment of febrile 
seizures prevent subsequent epilepsy?’ 
Although she is careful to say that there 
is no evidence to answer this question 
with ‘yes’ or ‘no’ it is obvious that she 
believes the answer to be ‘no’. However, 
her reasoning seems to have reached some 
fairly unreceptive left temporal lobes at 
the conference since the Consensus 
Development Panel, in true committee 
fashion, decided to play it both ways by 
first saying that ‘there is no evidence that» 
prophylaxis reduces the risk of non- 
febrile seizures’ and then going on tc 
recommend as reasons for prophylaxis 
those factors which are associated with an 
increased risk of developing non-febrile 
seizures. No less an authority than Sidney, 
Carter puts forward the argument tha 
prophylaxis should be given because there 
is no evidence that it doesn’t preven 
epilepsy; such an argument could be used 
and no doubt has been, to justify anja 
quack medicine which ever existed and i 
is a form of reasoning which should hav: 
no place at such a conference. 

In a short review it is impossible t 
cover the wide range of subjects discussec 
and opinions expressed in the book 
Although there is an emphasis on clinic: 
aspects of febrile convulsions and th 
place of prophylaxis, subjects such a. 
epidemiology, animal experimentatior 
and clinical and experimental toxicolog 
(including behavioural studies) are give 
due coverage. The question of when t 
perform a lumbar puncture is sensibl 
discussed and so is the question c 
whether or not to ask for skull x-ra. 
films—a non-question to most Britis 
paediatricians. 

Attempts to foresee future advances i 
the management of febrile convulsions ar 
ignored. Recently enthusiasm for en 
barking on fresh trials of anticonvulsar 
prophylaxis has virtually disappeared i 
most quarters and a trial designed t 
show whether or not prophylaxis ca 


prevent epilepsy would be so large, time- 
consuming, and costly that at present 
there does not seem to be any prospect of 
it being done. The book ends with a 
bibliography listing 687 articles about 
febrile convulsions. 

This is the most up-to-date survey 
currently available of the problems 
presented by febrile convulsions and it 
should be read by all doctors who care 
for children with this disease although, 
since an attempt is made to present each 
side of every argument, they will find both 
wheat and chaff in close approximation 
and will need to be able to distinguish 
between them. 

D P ADDY 


An Introduction to Paediatric Neurology. 
By G Hosking. (Pp. 252 incl. index; 
illustrated+tables. £11-50 hardback, 
£5-95 paperback.) Faber & Faber: 
London. 1982. 


This welcome little book is written for 
nurses, therapists, social workers, and 
teachers; it is perhaps too much of a 
potted medical text to be ideal. Although 
it covers the field adequately, describes 
the right disorders, and has good dia- 
grams and a glossary, there is little 
advice on what a therapist can do to 
help far less a teacher: and the balance 
sometimes seems wrong; surely status 
2pilepticus or reading retardation needs 
more space than myotubular myopathy 
or the Lesch Nyhan syndrome? Most of 
ill I missed the principles of the subject; 
without some feeling for the interplay of 
orain development and pathology it 
would be hard either to learn the facts 
set out here or to put them into practice. 

felt at times that distillation not desic- 
cation might have been the better way to 
‘educe such a fine bunch of grapes to its 
essentials, but the raisins are wholesome 
enough and I hope it is a success. 


DAVID GARDNER-MEDWIN 


2aediatrics. By N D Barnes and 
N R C Roberton. (Pp. 130 incl. index; 
llustrated-+tables. £14-95 hardback.) 
Jpdate Publications: London. 1981. 


“his new book by two Cambridge 
saediatricians deals with certain aspects 
ef children’s illness encountered by 
octors engaged in primary care and is a 
vompendium of articles which originally 
ppeared in the magazine Update, now 


revised and expanded. The subjects 
covered are some of the more important 
ones encountered in the community such 
as growth, immunisation, infant feeding, 
and the common childhood infections. 

There are chapters on organ diseases— 
such as those of the gut, kidneys, and 
pancreas. The common enough problem 
of convulsions is dealt with concisely 
with the differential diagnoses of faints 
and ‘funny turns’. All general practitioners 
are faced with the problems of child abuse 
or neglect; these too are included together 
with some of the acute problems which 
come their way. There is no attempt to 
make this a complete textbook of paedi- 
atrics ; so many of the diseases encountered 
in the hospital receive no mention, and 
there is little about handicap, cerebral 
palsy, mental retardation, or squints. The 
far less common condition of cystic 
fibrosis has three pages, perhaps because 
the problems of this illness are so ex- 
tensive. Respiratory tract problems are 
well covered but exanthemata are only 
mentioned in passing in the chapter on 
immunisation. The common problems of 
sleep, not eating, or the converse over- 
eating are briefly dealt with and school 
problems also are given a place. 

There is bound to be a lack of balance 
in a book which is a collection of articles, 
and some important problems such as 
those of the skin and bones are omitted. 
One of the very attractive features is the 
succinct list of references and further 
reading at the end of every chapter; these 
have been carefully chosen. The book is 
beautifully produced and illustrated, and 
there are many excellent coloured photo- 
graphs and charts, tables, flow diagrams, 
and radiographs. The style is bold and 
didactic, which makes for easy reading, 
thus making it an engaging introduction 
to paediatrics for the medical student, 
but those wanting a textbook of 
paediatrics will either look elsewhere or 
supplement their reading. Nevertheless, 
the attractive presentation is likely to 
guarantee a good readership. 

O P GRAY 


Scientific Foundations of Paediatrics, 
second edition. Edited by J A Davis and 
J Dobbing. (Pp. 1095 incl. index; 
illustrated -+tables. £75-00 hardback.) 
Heinemann Medical: London. 1981. 


This edition of an important book is a 
worthy successor to the first one. In no 
sense is this a textbook of clinical 
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paediatrics; as the authors hoped it is a 
composite of the scientific background 
concerned with the essential distinguishing 
characteristic of the medicine of child- 
hood, and its concern with growth and de- 
velopment. It has been extensively revised 
with the addition of further contributors. 
There are now five sections, the important 
change being that growth and develop- 
ment of behaviour and personality 
has been given a section of its own, 
separating it from the section on growth 
and development of physical systems and 
giving this important subject a more 
thorough treatment. Thus the book as a 
whole achieves a very satisfactory pre- 
sentation of very varied aspects of the 
studies in paediatric medicine in a single 
volume, and has very extensive reference 
lists making it aworthy, if not outstanding, 
part of the Scientific Foundations series. 
It is impossible to comment on the 
complete content of this book; some 
chapters make very heavy reading indeed, 
but the important essay on the ‘Beginnings 
and fruition of the self’ is very informative 
and a joy to read. The editors have 
ensured good use of diagrams and 
illustrations, and they are to be con- 
gratulated on their choice of excellent 
contributors; it is beautifully printed. 
This is an essential reference book for 
every paediatric department and medical 
library. 
J W SCOPES 


Textbook of Gastroenterology and Nutri- 
tion in Infancy. In two volumes. Edited by 
E Lebenthal. (Pp. Vol. 1, 699 including 
index; Vol. 2, 483 including index; 
illustrated + tables. 2 volume set $133-28 
hardback. Raven Press: New York. 1981. 


One of the exciting and important areas of 
scientific interest during the last decade 
has been our increasing understanding of 
the interdependence of gastrointestinal 
development and function upon nutrition. 
This is of particular concern to all who 
work with the young, and is a field in 
which paediatricians have made significant 
contributions. This has been acknow- 
ledged in several ways, not least of 
which is this considerable work by one 
hundred authors, most of them from 
North America. 

As stated in the preface the books are 
intended for all who care for infants in the 
perinatal period. They aim to provide an 
overview of the rapidly expanding inter- 
face of knowledge which links infant 
nutrition with development and disease of 
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the gastrointestinal tract and to outline 
some current trends for future research. 

Volume 1 discusses physiological and 
biochemical processes concerned with 
intrauterine nutrition and growth in 
relation to morphological and functional 
development of the gastrointestinal tract. 
Various contributions encompass overall 
intrauterine development, as well as 
chapters on development of sucking and 
swallowing, gastric function, bowel motil- 
ity, exocrine pancreatic function, the 
enterohepatic circulation, immunological 
defences, and the effects of human milk 
and other formulae upon their maturation. 
Also considered are nutritional require- 
ments in early life, aspects of nutrition 
with breast milk, proteins, carbohydrates, 
fats, vitamins, electrolytes, and trace 
elements. Particularly good contributions 
concern the oral lipases and lipid digestion 
in newborns as well as polyunsaturated 
fatty acid metabolism, prostaglandins, and 
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Current Pediatric Therapy 10, tenth 
edition, Edited by S S5 Gellis and 
B M Kagan. (Pp. 776 including index; 
tables. £39-25 hardback.) Saunders: 
Eastbourne. 1982, 


This has the same format as the previous 
volumes. More than’ 300 authors have 
contributed brief sections to create a 
‘comprehensive catalogue of disorders 
which are grouped together in 24 sections 
(most of them based on a body system). 
References to the source of the informa- 
tion are not given. Ease of use is ensured 
by the long and detailed index. 


Evaluation of transcutaneous oxygen 
monitors. Health Equipment Information 
No 97. (Pp. 35; illustrated+tables. 
£3-00 paperback.) DHSS: London. 1981. 


A comparison of five transcutaneous 
oxygen monitors, including technical 
assessment and comments from hospital 
users. The report is free to those working 
in the NHS and may be obtained from the 
health authority administrator. Although 
this is a most valuable compilation for 
those about to buy the equipment some- 
thing closer to the Which? format would 
have made the comparative information 
easier to assimilate. 


thromboxane in perinatal medicine; the 
two last chapters by Zvi Friedman have 
more than 600 references. It is disappoint- 
ing that space could not have been found 
for the recent work on gastrointestinal 
hormone release in newborns that is 
proving so fascinating. 

Volume 2 deals with the adverse effects 
of current nutritional methods and the 
special requirements of infants with 
various gastrointestinal disorders, includ- 
ing the extra nutritional demands imposed 
by surgery in early life. Some sections 
tend to be mundane and contain little 
that cannot readily be found in existing 
reviews or monographs; this is perhaps 
more true of the chapters concerned 
specificially with gastrointestinal disorders 
in infancy. Nevertheless, the volume 
contains clear and comprehensive reviews 
on a broad range of other topics—such as 
hepatic complications of parenteral nutri- 
tion, cows’ milk allergy, and the relation- 


Handbook of Behavioral Pediatrics. By 
R W Block and F Rash. (Pp. 256; 
illustrated + tables. £10-75 paperback.) 
Year Book Medical Publishers: Chicago. 
1981. 


This small pocket book contains a series 
of brief sections giving sensible guidance 
on the management of common behav- 
ioural problems. Each section is supple- 
mented by a few references for further 
reading. The UK price for such a small 
booklet seems exorbitant. 


Postoperative Pediatric Uroradiology. By 
R L Lebowitz. (Pp. 207 incl. index; 
illustrated. £30-80 hardback.) Prentice 
Hall: Hemel Hempstead. 1982. 


This book is a concise and practical 
account of operations on the child’s 
urinary tract, their complications, and 
postoperative radiological management 
and findings using intravenous uro- 
graphy in particular. Its reference and 
text are clinically based so that it serves 
uniquely as reading or reference for 
paediatricians, paediatric surgeons, and 
radiologists who need to follow the results 
of surgery in urinary tract infection, 
neurogenic bladders, and congenital 
abnormalities. 


ship of malnutrition to digestive and 
absorptive function in infants and it» 
effects on immunological development. ` 
Many may appreciate the way in which 
the contents of some chapters tend to 
overlap those of others. Indeed the two 
volumes are intended to be read in 
parallel, one complementing the other, as 
the work of the neonatologist or paediatric 
surgeon does that of the developmental@ 


` biologist. i 


The books are well produced and clearly 
and appropriately illustrated, although the 
few photomicrographs of jejunal histology 
could have been improved. These volumes» 
should be an automatic choice for the 
libraries of larger institutions which care 
for newborns or infants and for various 
university departments. The cost will limita 
individual purchases although at the cos 
of less than a farthing a page it is remark- 
ably good value. 

JOHN GLASGOW 


Paediatric Handbook. Edited by D C 
Geddis. (Pp. 159 incl. index; illustrated -+ 


‘tables. £5-50 paperback.) Heineman: 


Medical: London. 1982. 


This is not intended to be a textbook 
it is a practical guide, mainly for junio 
hospital doctors, emphasising manage 
ment of the acute paediatric problem 
once the diagnosis is made. There is ; 
useful brief chapter on poisoning, anw» 
the inclusion of growth charts and a shor 
guide to developmental assessment i 
welcome. It is well indexed and includes 
comprehensive pharmacopoeia. 


Paediatric Urology, second edition. Edite 
by D Innes Williams and J H Johnstor 
(Pp. 564 incl. index; illustrated-+ tables» 
£45-00 hardback.) Butterworth: Londor 
1982. j 


The founder-editor has co-operated wit 
J H Johnston to produce this lon 
overdue edition of a, splendid book; thm 
presentation and organisation of subjec: 
is as strong as in the first edition. Th> 
has been enhanced by the contributions c 
a number of specialists in allied subjec» 
to give fuller coverage of the medica 
pathological, and radiological aspect: 
Paediatricians should advise their hospit: 
libraries to buy a copy. 


If you are asked “When should I change to household milk?” 
the DHSS recommend “...the change from breast 
or bottle feeding to household milk is not advised before 
6 months of age...the use of an approved infant formula 
throughout the first year may be an advantage” 
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economical price for 
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up to | weeks supply. 
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Everyone agrees that 
breastfeeding gives a baby 
the best start in life but if breastfeeding is 
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it should say what was done and what was concluded. 
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Editorial 


A recurrent enquiry from intending authors is 
whether their work is likely to develop into a paper 
that we would like to publish in the Archives. Wise 
authors will have gauged the journal by looking 
through a number of recent issues. But we can give 
additional guidelines which are generated by the fact 
that we as editors have to be conscious always of 
satisfying our subscribers. 

The Archives is the official, and only, journal of the 
British Paediatric Association. It is received by every 
member of the British Paediatric Association, includ- 
ing all consultant paediatricians and established 


‘trainees. In addition to these and the library sub- 


scribers in the UK, three-quarters of our readers are 
outside the UK. with particularly high circulations 
in Western Europe, the ‘Commonwealth’, North 
America, and Japan. 

We are an essentially clinical journal and hope that 
clinicians who read our journal will always find 
something that gives them a better understanding of 
a problem or enables them to manage a particular 
child better. That child may be a neonate in the 
special care baby unit, a toddler in the children’s 
ward, or a schoolchild attending an outpatient clinic 
or surgery. We hope too that the reader will gain a 
greater understanding of psychosocial issues, health 
education, and medical education. Although we area 
clinical journal we are proud to publish animal and 
basic science research papers that have likely future 
relevance to paediatric problems. 

Annotations and reviews are commissioned by the 


.editors but suggestions are always welcome. 


Single case reports are difficult to get published in 
most journals. In some ways this is a pity because 
they provide a vehicle for first notification of 
syndromes and also for new information. The 
problem for editors is in deciding which of the many 
case reports submitted really are worthy. We tend to 
look for new associations (bearing in mind that there 
must be strong grounds for believing it to be an 
association of importance rather than a coincidence) 
or new aspects of management or diagnosis. Always, 
particularly good photographs will enhance the 
educational value of a case report. In general a case 
report is unlikely to be considered unless it fulfils the 
criteria for a Short Report as described inside the 
front cover. Similarly a trial based on a reasonable 
hypothesis which yielded negative results is probably 
test submitted as a very brief Short Report of less 
than 500 words. We know that negative results are 
difficult to get published and yet it is important that 
they appear in print if only to prevent others 


embarking up that particular blind alley. Short 
Reports are more likely to achieve fast publication 
and should appear in print within 4 months of 
acceptance. ) 

Our aim is for ali original articles to appear within 
6 months of acceptance. Authors want prompt 
publication for their papers but they should realise 
that some of the qualities of a good journal prevent 
immediate publication. Unless the paper is clearly 
unsuitable for publication the paper will be sent to at 
least one expert reféree. That takes time. However, 
from the author’s point of view there is a bonus in 
that the referee’s comments are likely to be helpful in 
improving the paper if it is published, and if it cannot 
be published the referee’s comments, which we send 
back with the paper; should help the authors with 
their work. Editing the paper and, if it needs it, 
further alteration also takes time. As typically. 
English editors (and lamentable linguists) we 
continually admire the skill of overseas colleagues, 
whose first language is not English, in writing good 
articles in our language. Nevertheless the quality of 
those papers can be improved by the attention of our 
editorial staff to both language and presentation. 
We believe that such time is well spent, and the 
service appreciated by author and reader alike. 

Authors themselves can do much to achieve 
prompt publication. For a start they should follow 
the guidelines that are printed inside the front cover 
of our journal before submitting their manuscripts. 
The absence of a summary, failure to prepare the 
references in the correct form, and other minor 
errors delay manuscripts. Authors should also 
realise that they have a much greater chance of a 
shorter paper getting accepted than a longer. 
Editors, trying to be fair to as many intending 
authors as possible, have to ensure that no paper is 
longer than its content deserves. Economy of style is 
an admirable habit. 

1980 and 1981 were black years for the editors. A 
grotesquely large backlog of accepted papers was 
causing lengthy delay in publication. For a long time 
we had to accept very few papers and at times the 
rejection rate rose well above 80%. Papers which we ` 
would have been proud to publish were rejected; 
both new authors and much valued regular contri- 
butors were rebuffed. Those days are over: they will ` 
not be allowed to return. We are back in the business 
we enjoy of accepting papers, helping authors to — 
publish their work, and creating an interesting 
journal for our readers. Normal service has been 
resumed—it will now be improved. 
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Annotations 
Soy feeding in infancy 


Growing concern over intolerance of cows’ milk 
protein is leading to more frequent diagnosis of the 
condition. For many years in the USA soy bean 
feeds have been extensively used in children with 
putative cows’ milk intolerance. There has recently 
been a tendency for increased use of soy bean in the 
UK. 

Unfortunately food allergy is a state which easily 
allows for exaggeration of incidence and a tendency 
to overdiagnosis in the young infant. It is therefore a 

‘matter of some importance to establish the true 
incidence, how often this should lead to the elimina- 
tion of cows’ milk from the diet, and whether soy is 
the appropriate form of management. 


Types of cows’ milk intolerance 


Intolerance of cows’ milk can be divided into two 
major types. The first is gastrointestinal intolerance 
associated with diarrhoea, partial or subtotal jejunal 
mucosal (villous) atrophy, malnutrition, and in 
some hypersensitive cases, the development of ana- 
phylactic reactions’ with shock and fulminating 
diarrhoea when exposed to cows’ milk protein. This 
disorder is essentially self limiting! and tends to 
clear up during the second year of life. In eariy 
infancy however, it can lead to severe failure to 
thrive and occasionally to death. 

The second comprises the more common forms of 
atopy. In infancy eczema is the usual manifestation, 
but in addition various forms of urticaria may occur 
and be followed by asthma later in childhood. Both 
forms may be present in the same child. 

Apart from these well characterised entities there 
is a range of vague signs and symptoms to which 
milk protein intolerance is often ascribed as the cause. 
Excessive crying, vomiting, wind, colic, vague claims 
of ill health, and transient skin rashes have all been 
used as a justification for eliminating cows’ milk 
protein from the diet. In most such cases there is no 
evidence of chronic diarrhoea or failure to thrive. 

- Estimates of the incidence range widely, varying 
from 0-1% to 8%.? A reasonable working figure 
would be that of the order of 0-5%.5 While one 
cannot but agree with the view that symptoms due 
to cows’ milk hypersensitivity should not be diag- 
nosed as due to psychosocial. factors or parental 
incompetence‘ the reverse is even more cogent since 


psychosocial factors are the major cause of failure 
to thrive and have ill-defined symptoms. Treating 
babies suffering from deprivation, or their parents’ 
emotional problems, with soy formula is not likely 
to be helpful to either. The danger of overdiagnosis 
of cows’ milk hypersensitivity seems a more serious 
threat than its underdiagnosis. In infants from 
satisfactory homes the key to diagnosis is the centile 
chart. Babies who are thriving should probably not 
have their diets altered. 


Rationale for use of soy formulae 


The basic assumption underlying the use of soy as a 
substitute for cows’ milk is that it is less allergenic. 
There are two main reasons for its use: (1) as a 
replacement for milk feeds where proved or putative 
milk protein intolerance or allergy exists; (2) used 
prophylactically in infants who are considered to be 
at high risk of allergy, particularly those with a 
family history of atopy. 

The avoidance of cows’ milk products in early life 
has had conflicting results in preventing later allergy. 
The obvious method is breast feeding’ but this 
annotation is concerned with situations in which 
breast feeding is ruled out. Some workers claim that 
babies fed soy instead of cows’ milk have less subse- 
quent allergy.° However, a recent study which 
examined children with a bi-parental history of 
allergy was unable to detect evidence of a beneficial 
effect from soy feeding.’ A British group have 
claimed a beneficial effect but have not yet published 
their data.§ 


Allerginicity of soy formulae 


Soy protein can cause signs of gastrointestinal in- 
tolerance? with diarrhoea, fever, blood in the stools, 
vomiting, and weight loss, associated with jejunal 
mucosal atrophy. Acute anaphylactic responses 
have also been described.1° 

There is no evidence that soy protein is less 
capable than milk protein of producing gastro- 
intestinal sensitivity in humans. Soya-induced 
colitis may occur in young infants with suspected 
cows’ milk intolerance.“ Entercolitis in low birth- 
weight infants has been associated with both cows’ 
milk and soy protein intolerance.4* Combined milk 
protein and soy intolerance has been recognised 
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with increasing frequency.!® Soya intolerance may 
occur when fed immediately after milk protein- 
induced gastrointestinal damage has occurred. This 
casts doubt on its value in this condition.* There is 
additional evidence of a high incidence of soy sensi- 
tivity in older children with atopy on the basis of 
intracutaneous tests.1° This is all evidence that soy 
cannot be regarded as hypoallergenic in humans.14 18 

The importance of soy intolerance and its possible 
effects on its usefulness as a substitute for cows’ 
milk remain a matter for speculation. Some workers 
still claim that soy protein is only weakly antigenic 
in man?’ and are critical of other studies for failing 
to be sufficiently rigorous in identifying soy protein 
hypersensitivity with certainty. 


Role of soy formulae 


Modern soy-based infant formulae are satisfactory 
feeds and there are no major problems in their use 
apart from expense. On the basis of current know- 
ledge there seems little justification for their wide- 
spread use as a substitute for cows’ milk-based 
formulae. Casual treatment of vague symptoms and 
signs and of unsubstantiated cows’ milk protein 
intolerance is undesirable because it might well lead 
to overdiagnosis of food allergy with consequent 
iong-term effects on the child’s rearing, and because 
it might lead to misdiagnosis and late diagnosis of 
important diseases. In genuine gastrointestinal 
cows’ milk protein intolerance it is doubtful whether 
soy is appropriate because of concerns regarding its 
own allerginicity in this condition. True gastro- 
intestinal cows’ milk intolerance is a sufficiently 
serious condition to warrant optimal management. 
It may be that genuine atopy in infancy (eczema) 
may justify a trial with soy formula in at least some 
cases!§ although the valuation of elimination diets 
incorporating soy has been the subject of sometimes 
heated controversy.’ ® 


Conclusions 


(1) There is conflicting evidence on whether soy 
formula feeding will lead to a lower incidence of 
‘allergy in infants predisposed to atopy. It may 
‘benefit some infants with atopic eczema. 

(2) The occurrence of soy -intolerance in at least 
some infants with milk protein-induced gastro- 
intestinal damage, calls into question its use in 
this disease. Proved cows’ milk protein intolerance 
should be treated with formulae consisting of protein 
hydrolysates. The diagnosis of this condition should 
not be made without careful evaluation by an expert 
in the field. . 

(3) The indiscriminate use of soy formula for vague 
symptoms and signs not proved to be due to cows’ 
milk intolerance is to be avoided. 


Soy feeding in infancy 815 


(4) Soy feeds should not be freely available without 
prescription and should only occasionally need to be 
prescribed. 
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Minimal change nephrotic 
and steroid-responsiveness 


Children with minimal change nephrotic syndrome 
(MCNS) generally respond promptly to initial 
steroid therapy, undergo a complete remission, and 
have a good prognosis. MCNS needs to be separated 
therefore, from other forms of the nephrotic 
syndrome in which children fail to respond promptly. 
Investigations carried out by the International 
Study of Kidney Disease in Children (ISKDC) have 
confirmed the generally held belief that nephrotic 
children who respond during an 8-week course of 
intensive corticosteroid therapy are likely to have 
MCNS.! That likelihood is of the order of 90%. 
Children who do not respond, particularly those 
aged 6 years or older, are likely to have other 
glomerular diseases, but renal biopsy in non- 
responders (continued proteinuria after 8 weeks of 
treatment) shows that about one-quarter of all 
non-responders and half of those younger than 6 
years none the less have MCNS.1 

It has been essential therefore, to identify the 
histopathological criteria of ‘minimal change’ and 
to recognise the limits of histopathological vari- 
ability. Minor variability within the histopatho- 
logical category of MCNS was recognised by the 
ISKDC at the outset,? and a recent report? contains 
an analysis of clinical characteristics and responses 
to treatment in children having histopathological 
subcategories of MCNS. Such subcategories 
include nil disease, focal glomerular obsolescence, 
mild mesangial thickening, mild mesangial hyper- 
cellularity, and focal tubular changes. The criteria 
allow MCNS to be separated from both focal 
segmental glomerular sclerosis and more severe 
degrees of mesangial proliferation. A category of 
diffuse mesangial hypercellularity has been recog- 
nised as intermediate between mild mesangial 
hypercellularity and diffuse proliferative glomerulo- 
nephritis. These definitions and criteria have 
recently been defined even more rigorously and 
incorporated into the World Health Organisation’s 
classification of glomerular diseases.* 

The ISKDC study of clinical characteristics at 
onset showed no important differences among the 
histopathological subcategories of MCNS,* except 


that young patients tended to have glomerular 


obsolescence, a phenomenon well known to 
paediatric pathologists. However, more children 


syndrome. Histopathology 


having mild mesangial hypercellularity and focal 
tubular changes than those having nil disease, focal 
glomerular obsolescence, or mild mesangial 
thickening failed to respond promptly to cortico- 
steroid therapy. Children with diffuse mesangial 
hypercellularity, that is with a degree of mesangial 
hypercellularity exceeding the limit set for MCNS, 
also had a significantly poorer rate of steroid 
responsiveness than did children with MCNS. 

The differences at 8 weeks disappeared however, 
during 52 weeks of continued corticosteroid therapy. 
In other words, children with mild mesangial hyper- 
cellularity, focal tubular changes, and diffuse 
mesangial hypercellularity experienced delayed re- 
missions, perhaps resulting from, perhaps abetted by, 
the prolonged treatment. The ultimately good 
responsiveness in all categories of MCNS and in 
diffuse mesangial hypercellularity and the paucity of 
differentiating clinical characteristics suggests that 
the differences in histology reflect different severities 
of glomerular injury rather than different disease 
processes. Perhaps mild mesangial hypercellularity 
reflects a more severe degree of glomerular injury 
than does nil disease and diffuse mesangial hyper- 
cellularity is a more severe injury than mild mesangial 
hypercellularity. On those grounds alone, the 
response to therapy might be slower or poorer, 
and recognising different degrees of hypercellularity 
might resolve the discrepancies reported in respon- 
siveness of nephrotic children with mesangial 
proliferative abnormalities.°-° The significance of 
focal tubular changes is unknown. 

The ISKDC analysis of late responses to steroid 
therapy in patients with different subcategories of 
MCNS and with diffuse mesangial hypercellularity 
showed no significant differences.2 There were no 
differences among the rates of early relapse (relapse 
during the first 8 weeks of treatment), frequent 
relapse (2 or more relapses within 6 months of the 
Initial response), late non-response (failure to 
respond to steroid therapy after having responded 
previously), and death. Those observations, par- 
ticularly those relating to late non-response, can be 
interpreted to mean that relapses are not necessarily 
of the same severity as the initial episode. We 
would predict, if relapses were unequal in the severity 
of glomerular damage, that late non-responsiveness 
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would be distributed randomly among the different 
histopathological categories, which is precisely what 
the data show. Furthermore, the frequency of 
relapses in individual patients was inconstant and 
lacked correlation with the histopathological 
findings. 10 

The ISKDC data have beare therefore, on our 
interpretation of the natural history of the idio- 
pathic nephrotic syndrome in childhood. An 
initially severe lesion might well. be associated with 
non-responsiveness or with delayed responsiveness 
to corticosteroid therapy and might carry a high 
tisk of glomerular scarring.“ It would be wrong 
-however, to assume that late non-responsiveness 
or the late development of focal segmental glomeru- 
lar sclerosis after an interval of several years 
necessarily relates to the severity of the initial 
glomerular disease. Relapses may continue to 
follow the same pattern of response after the first 
attack, as they do in the majority of patients, but 
there is no requirement that they do so. Relapses in 
that view are not smouldering embers, left over from 
the initial conflagration, but new outbursts, pre- 
sumably triggered by identical or similar mechanisms. 
- Unanswered is the question of steroid-dependence 
‘in relation to glomerular histopathology. If steroid- 
dependent patients include a fairly high proportion 
with mesangial hypercellularity and glomerular 
sclerosis, steroid-dependence would seem to relate 
‘to the severity of glomerular disease. An alternative 
“view however, has been expressed by Arant ef al. 3 
who suggested that steroid-dependence is related to 
_ Functional adrenal insufficiency as the result of 
steroid-induced adrenal suppression. It is also 
conceivable that some of the glomerular alterations 
in patients receiving long-term corticosteroid therapy 
are related to the treatment rather than to the dis- 
ease, as experimental studies have shown retention 
of macromolecules in cortisone-treated animals.!* 
These altered mesangial kinetics might explain the 
mesangial accumulation of IgM in some patients® 15 
and the fairly frequent electron microscopical 
demonstration of electron-dense ‘deposits’ in child- 
ren with longstanding MCNS.1® 
À It appears that early response to steroid therapy 
in the idiopathic nephrotic syndrome predicts the 
subsequent course with an accuracy of about 85%. 
The development of late non-response in 15% 
however, injects a small element of doubt into the 
physician’s prognostication. Such patients might 
be candidates for treatment with immunosuppressant 
drugs, and a large number of them will do well in 
the long run. A small number of patients may 
however, develop progressive renal insufficiency 
as the result of renewed attacks of glomerular 


injury. 
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Visual defects in children of low birthweight 


EVA ALBERMAN, JULIA BENSON, AND STEPHEN EVANS 
Department of Clinical Epidemiology, London Hospital Medical College 


SUMMARY ‘The prevalence of visual defects at ages 7 to 9 in 1485 children of birthweight 2000 g or 
less is reported. These children were born in 1970, 1971, and 1973 to parents resident in what is now 
the South East Thames Regional Health Authority area, and comprise 73-9% of all survivors of 
‘births of this weight, and 81° of those whose present address is known. Only 16 (1 %) children were 
reported to have serious visual defects; 5 had retrolental fibroplasia. For the children attending 
normal schools there was a significant excess of both mild and more severe visual defects compared 
with matched controls. A distant visual acuity of 6/6 was reported in the better eye of 89%, and 


in both eyes of 83% of the low birthweight group. 


It has long been known that babies of low birth- 
weight are more likely than average to suffer from 
visual defects. Although retrolental fibroplasia is 
the defect most closely associated with prematurity, 
other visual defects have been reported in such 
babies, including myopia and cataracts in those 
who were smali-for-dates.} 

A follow-up study of infants weighing 2000 g or 
less at birth and born in 1970, 1971, or 1973 to 
mothers resident in the South East Thames Regional 
Health Authority area gave an opportunity to 
measure prevalence of visual impairment in the 
survivors and, for children at normal schools, to 
compare visual acuity with that of controls. 


Subjects and methods 


‘Sample and controls. The sample was derived from 
children born in 1970, 1971, or 1973 to mothers 
‘resident in the districts that were included in the 
‘South East Thames Regional Health Authority 
area created in 1974. Birth notifications and 
maternity registers for the relevant years were 
scanned in 1974, and infants weighing 2000 g or 
‘less at birth were chosen for study. Available. birth 
‘data included place of birth, birthweight, and 
‘gestational age. Results from this study have been 
“reported previously.? 3 

When the surviving children were aged 7 to 5 9, 
members of the research team were allowed to 
abstract health data from school medical records of 
those still resident in the region. The survival and 
tracing rates of the study children are given in the 
Figure. A log-linear model analysis was carried out 
to. test whether the success rate of tracing the 


surviving children varied between groups of different 
birthweights or between different gestational ages. 
This showed no significant differences for children 
for whom the birthweight and gestational age were 
known, but for the 1-4% children for whom the 
exact birthweight was not known (although they 
were reported as being under 2000 g), or for the 8-9% 
children whose gestational age was not known, the 
tracing rate was significantly lower. 

For children in normal schools a control in the 
same class, matched for gender and age was chosen, 
and similar health data’ abstracted. No information 
about birthweight was generally available in the 
school record, so it had to be assumed that the 
weight of the controls was typical of all births, 
except that all births of 2000g or less that had 
occurred in the region would have been allocated to 
our study group. For children not in normal schools 
handicap. registers in the region were scanned 
particularly for evidence of sensory or neurological 
defect, malformation, or non-accidental injury. 
Information was sought from the appropriate area 
specialist in community medicine (child health) for 
children reported to be living in Britain but outside 
the region. 


Data on vision. The data available on the visual 
function of these children were of two kinds. Firstly, 
any recorded commenits relating to visual defects 
were noted. Secondly, results of tests of unaided 
distant visual acuity were recorded. These had been 
administered as part of the routine school medical _ 
examination, and without any knowledge of our 
subsequent study. ) 
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Total sample 
3825 
Stillborn or Not traced 
death before because emigrated, 
-~ school entry adopted, or not 
1816 registered with FPC 
175 
Traced by school age 
1834 (100%) 
Resident outside Resident in 
SETRHA SETRHA 
324 1510 
Si AN 
No school School School No medical 
medical medical medical information 
information information information obtained 
obtained obtained obtained 
-98 22G ~mnnmenemmmenttiy LARS peee | 259 251 
(5-39 {12-3%) (13-74) 
Normal school Normal school Special or 
control found no control residential 
1132 found school 
(61-7%) 26 no control 
(1-4%) sought 
101 
(5-3%) 


FPC = Family Practitioner Committee, SETRHA ™ South Hast Thames Regional Health Authority. 


Figure Numbers in total sample and percentage of those traced with and without medical information. 


Although there was no external validation of these 
tests, children in normal schools and their matched 
controls would mainly have been examined by the 
same medical staff. We had reports of school 
_medical examinations for 1485 study children 
: (Figure) including results of visual acuity tests for 
1368. Matching controls were found for 1132 (89-9 %) 
Of the 1259 children with medical records still 
resident in the South East Thames Regional Health 
Authority area, and results of visual acuity were 
available for all but 49 of the cases and 23 of the 
controls. 


Results 


Serious visual defects reported in the children of low 
birthweight. A list of children with serious defects of 
‘ the eyes derived from the 1485 children in the sample 
for whom medical information was available is 
shown in Table 1. In one additional child the defect 
-was attributable to postnatal causes, and that was the 
‘ loss of an eye owing to a gun-shot injury. One other 
child, not included in the 1485, was reported to have 
: bilateral cataracts at birth but was subsequently not 
traced. 


Retrolental. fibroplasia. There were 5 children among 
the 1485 described as suffering from retrolental 
fibroplasia. None had a gestational age of more than 
29 weeks and their birthweights ranged from 936 to 
1440 g. None of these had been admitted to the one 
nursery in the region offering intensive care at the 
time. In the sample of 1485 with school information 


the rate of retrolental fibroplasia decreased from 
4-3% in those weighing 1000 g or less, to 1-3% in 
those weighing between 1001 and 1500 g. All, except 
one who was registered as partially sighted; were 
registered blind, and all were attending special 
schools. l 


Optic atrophy. Four children were described as 
having optic atrophy, ali had associated ‘cerebral 
palsy, and all were severely handicapped. 


Cataracts. Three children out of the 1485 were 
reported as having cataracts and, as described 
earlier, a further, untraced, child had been so 
described at birth. Each had a gestational age of at 
least 36 weeks, and: birthweights ranged from 1740 
to 1946 g. One had Down’s syndrome and one was 
thought to have contracted intrauterine rubella. No 
aetiology was suggested for the other two. 


Other defects. The remaining children with severe 
visual defects comprised 2 with perceptual prob- 
lems, a child with severe myopia, and another with 
nystagmus. 

Taking all these defects together, the rate among 
the survivors with medical information was 4:3% 
of birthweight of 1000 g or less; 3-3% in those 
between 1001 and 1500 g birthweight and 32 weeks’ 
or less gestation; 2-9° of the same birthweight but 
of at least 33 weeks’ gestation; and 0-9%, 0-2%, 
and 1-6% in those weighing 1501 to 2000 g, but 
under 33, 33 to 36, and at least 37 weeks of gestation 
respectively. 


820 Alberman, Benson, and Evans 


Table 1 Clinical description of children with severe visual defects 


Birthweight 
(s) 

Retrolental fibroplasia 
1 ESN(S} 936 
2 Average IQ . 1440 
3 RLF one eye, myopia in other, bearing aid, mental 

handicap. Has had severe postnatal illnesses 1425 
4 Spastic diplegla and ventricular septal defect 1072 
5 Bilateral corneal opacities and RLF 1380 
Optic atrophy 
1 L hemiplegia, arrested hydrocephalus, L eye blind, 

some vision on R, registered blind 1425 
2 Athetoid, ESN(S) 1232 
3 Bilateral pigmentary retinopathy, spastic diplegia, 

registered partially sighted, ESN(S) 1470 
4 Severe dystonic quadriplegia, epilepsy, near vision, 

large objects only, ESN(?S) 1965 
Cataracts 
1 Cataracts reported at birth, not traced 1740 
2 ?Rubella syndrome—severe bilateral hearing loss 

R cataract, microphthalmia i 1825 
3 Down's syndrome—cataracts needled, severe myopia 1851 
4 L eye cataract—operated, behind in school 1946 
Other 7 
1 Perceptual problems, borderline ESN(MD 1437 
2 ‘Special visual perceptual difficulty’, IQ 80, 

developmental delay 1730 
3 Nystagmus, registered blind 1420 
4 Myopia, spastic diplegie, special school, IQ 65-74 1946 


. Gestation Schooling Visual acuity tested 
(weeks) (one eye x other eye) 
26 Residential _ Noxno 
29 Special unit waiting 

for special school No x 6/60 

28 Residential No xno 

29 Residential No xno 

29 Special No xno 

32 Normal No x 6/12-36 
34 Special No x no 

41 Special No xno 

37 Residential No xno 

36 ? No xno 

38 Normal 6/12 x 6/12 
39 Residential No xno 
40 Normal No xno 

32 Special 6/20 x 6/20 
38 Norma! 6/12 x 6/12 
36 Special 6/36 x 6/60 
32 Residential 6/60 x 6/24 
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Visual acuity in the cases and controls. 


Completeness of testing . 

For 4-2% of the controlled cases, 2% of the controls, 
and 19-3% of all uncontrolled cases for whom any 
medical information was available, no data on visual 
acuity were recorded, nor was there any suggestion 
in the records of the presence of a visual defect. The 
higher proportion with unknown visual function in 
the uncontrolled cases reflects the fact that they 
include firstly all the children in special schools, 
and secondly those resident outside the South East 
Thames Regional Health Authority area for whom 
medical information was altogether less complete, 
since it was not abstracted by the survey team. The 
difference between the proportions not tested in 
cases and controls is statistically significant 
(P<0-001) and will be described further below. 


Levels of visual acuity 

The tests of visual acuity available were carried out 
as part of the routine school medical examinations 
‘so that these were not standardised or validated. 
The results of the tests of the controls were compared 
with those obtained from the National Child 
Devélopment Study in 1965 when the children in 
_that study were aged 7 years.‘ In the earlier study 
87% of the children tested had an acuity of 6/6 in 
their better eye, and 79% had an acuity of 6/6 in 


both eyes, but this was true of 94% and 89% 
respectively of the controls in the present study. 
Factors accounting for this difference may be a 
different age at testing, less rigorous testing, the 
fact that only children in normal schools’ were 
included in this later study, or even possibly a 
change over the years. The corresponding pro- 
portions in the low birthweight cases in the present 
study are 89% and 83 %. 

A more valid comparison is one between case- 
control pairs who were matched for school and 
class, and therefore were largely tested by the same 
medical staff, and at the same time. The comparison 
of case-control pairs is based on the ratio of the 
numbers of pairs who are discordant for the factor 
under consideration,’ which gives an estimate of 
relative risk. 

Tables 2 and 3 show the case-control data derived 
from 1132 pairs, comparing the frequency of 
discordance between the pairs in respect of vision 
in the better eye or in both eyes of 6/6. The tables 
also show the numbers of pairs in which neither 
eye or only one was tested. The relative risk in cases 


‘and controls is estimated as follows. The relative 


risk of a low birthweight survivor compared with a 
matched control having a visual acuity of less than 
6/6:in the better eye is 100: 54 = 1-85 (x? = 13-15; 
P<0-001). Similarly the relative risk of having a 
visual acuity of less than 6/6 in both eyes is 154: 
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Table 2 Vision in better eye: 1132 case-control pairs 





Cases Controls 

6/6 Worse than Neither eye 
6/6 tested 

6/6 900 54 17 

Worse than 6/6 100 12 0 

Neither oys tested 42 1 6 

‘Table 3 Vision-in both eyes: 1132 case control pairs 

Cases Controls 
6{6 Either worse One or both 
both than 6/6 eyes not tested 

6/6 both T87 91 16 

Either worse than 6/6 154 30 ~ 3 

One or both eyes not 

tested 4i 3 7 


91 = 1-69 (x? = 15-69; P<0-001). The relative 
risk of the low birthweight survivors not having 
both eyes tested is 43: 17=2-5 (x? = 10-42; 
P<0-01) and of having only one eye tested 44: 
19. = 2-3 (x? = 9-1; P<0-01). 

The same exercise can be repeated for low 
birthweight survivors of different birthweight or 


‘gestational age groups (Table 4). This shows that 


the relative risk of the better or both eyes being 


: worse than 6/6 declines consistently with increasing 
‘birthweight although it is always greater than one. 


There is a U-shaped pattern with.a relative risk of 
pearly one in those. babies of 2000 g or less but a 
gestational age of 33 to 35 weeks, and a raised risk 
in those with a lower or higher gestational age. 
However, there is no statistically significant 
difference (using logistic regréssion) in ratio of visual 
defects in the cases and their controls across either 
birthweight or gestational age; although there is a 


‘Table 4 Relative risk of the visual acuity of the better 


eye being worse than 6/6 by birthweight and gestation. 


: Ratio discordant cases to controls (numbers in brackets) 





, Birthweight (g) Weeks’ gestation Not All 
i c AOWA 
<32 —35 35+ 
' < 1000 ratio (5/0) (070) (0/0) (0/0) (5/0) 
Relatiye risk — — a — vn 
x2 
— 1500 ratio (20/5) (@/1) (1/1) (2/3) (26/10) 
Relative risk 4 3 1 0-67 2°6 
x? 7-84 0-25 0.5 0-8 6-25 
—2000 ratio (14/6) (20/18) (33/16) (2/4) (69/44) 
Relative risk 2-3 1-f 2-1 0.5 1-6 
x? 2-45 0-11 5.22 1-5 5-10 
All ratio (39/11) (23/19) (4/17) (4/7) (100/54) 
Relative risk 3-45 1-2 2-0 0-6 1-85 
x2 14-58 0-21 5-02 1-45 13-15 
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Table 5 Distribution of visual acuity of each eye in 1132 
controlled cases and their controls 


Visual acuity of ane Cases Controls 
eye by the other 
No y Ang No VAs 

6/6 x 6/6 894 82-5 982 88-5 
6/6 x 6/9 51 4-7 36 3-2 
6/9 x 6/9 53 4.9 : 34 3-1 
6/6 x 6/1236 23 2:1 21 1:9 
6/9 x 6/12-36 23 2-1 14 1-3 
6/1236 x 6/12-36 33 3-1 18 1-6 
6/69 x 6/60 4 0-4 1 0-09 
6/6-9 x not known t 0-09 3 0-3 
6/12~36 x not known “a 0-09 — — 
Not known x not known 49 23 
Total known 1083 {00-0 1109 100 

*Excinding those not known. l 


tendency for the effect to vary more with gestation 
than weight. . 

Table 5 shows that the excess of visual defects in 
the study children were accounted for both by mild, 
and the more severe defects. 


` Discussion 


Perhaps the most important finding in this study-is 
the continuing presence of retrolental fibroplasia 
among survivors of extreme immaturity, albeit 
reduced considerably from the levels described in 
the 1950s.* Others have commented on this, which is 
due jointly to a persisting fairly high risk at birth, 
and the remarkable increase in survival of infants of 


‘very low birthweight or gestational age.8” The 


prevention of this seriously handicapping disorder 
calls for both expertise and excellent equipment for 
the treatment of extreme immaturity, and indeed in 
the smallest babies the’ problem may still remain 
unresolved. l 

The problems of optic atrophy, and perceptuo- 
motor difficulties are probably directly related to 
the risk of brain damage, either from asphyxia or 
cerebral haemorrhage, or secondary to hydro- | 
cephalus. Some of these complications also may be 
in part preventable with expert care. 

Cataracts have been previously described in 
small-for-dates babies born between 1950 and 1953.1 
The reason for the disease is unknown, although 
cataracts are commonly associated with a generalised 
fetal abnormality of infective or genetic origin. In the 
present study there were no cataracts reported ~n 
the 903 survivors with school medical records who 
had weighed 41b (1814 g) or less. This contrasts. 
with McDonald’s study in which 11 children with 
cataracts had been reported in 1081 children of 7 
or 8 years. This may be partly accounted for by the 
fact that the children in McDonald’s study had had 
ophthalmological examinations at age 6 months. 
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However, the large difference does suggest there 
may have been a real reduction in prevalence 
between the two periods. 

Finally a very interesting aspect of the present 
study was the distribution of visual acuity in children 
of low birthweight and attending normal schools 
compared with controls. The important fact to 
stress is that the difference was not particularly 
large. As many as 83 % of the low birthweight group 
had a visual acuity of 6/6 in both eyes, and 89% 
had a visual acuity of 6/6 in.the better eye. Never- 
theless there was a sharp increase in the proportion 
with visual defects with decreasing birthweight and 
gestation, except in the small-for-dates survivors 
who showed a small rise with gestational age. These 
changes may reflect the existence of the mildest 
forms of changes characteristic of retrolental 
fibroplasia on the one hand and of cataracts on the 
other. The important lesson to be drawn is that low 
birthweight is associated with an excess of mildly as 
well as severely handicapping disorders. 

Finally, it is unfortunate that the school medical 
records of low birthweight children should be less 
complete than those of controls, with twice as many 
without information on visual ability. Equally, the 
difficulty experienced in tracing the low birthweight 
children reflects administrative failure of the child 
health services in a very high risk group. These 
difficulties were certainly made worse by the 
upheaval after reorganisation in 1974. We must 
‘make sure that the effectiveness of surveillance of 
children’s health does not deteriorate further after 
yet another administrative change in 1982. 
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Early development of infants 1000 g or less at birth | 


A A ORGILL, J ASTBURY, B BAJUK, AND V Y H YU 


Growth and Development Clinic, Department of Paediatrics, Queen Victoria Medical Centre, Melbourne, 
Australia 


SUMMARY In a 4-year period the neonatal survival rate for 26 infants weighing 501-750 g was 42% 
and for 81 infants weighing 751-1000 g it was 61%. All 59 surviving infants have been assessed at 
follow-up; 39 were at least 2 years old (corrected for prematurity) and data from the remaining 20 
were derived from assessment at 1 year corrected age. Five children had cerebral palsy, 4 had multiple 
handicaps, 4 each had a sensory handicap, 2 had developmental delay, and.1 had a dilated right 

2 ventricle without clinical hydrocephalus. Twelve of the 16 children with defined handicaps were 
considered to have significant functional handicaps. Therefore, of the 107 infants in this series, 
48 (45%) died, 12 (11%) survived with significant functional handicaps, and 47 (44%) were 
considered to be developing within the normal range. No significant differences in the incidence of 
handicap were observed between inborn and outborn children, boys or girls, those who were small or 
appropriate for gestation, those who weighed <750 g or >750 g at birth, and those who required 
or did not require prolonged oxygen or ventilation. 


Significant improvements in the survival rate and 
quality of survival for very low birthweight infants 
>1000 g have been reported.! Increasing attention 
_ is now focused on extremely low birthweight (ELBW) 
infants whose birthweight is 1000 g or less and in 
. whom it is questionable whether maximum effort 
7 should be expended to achieve survival. We have 
Y reported improved survival for 107 such infants 
treated at the Queen Victoria Medical Centre during 
the 4-year period January 1977 to December 1980.2 
The purpose of this paper is to report on the early 
outcome of the 60 neonatal survivors from this 
series of ELBW infants, to determine whether the 
improved survival has been associated with change 

in late morbidity for the survivors. 


Patients and methods 


Of the 107 ELBW infants cared for in our neonatal 
intensive care unit 60 (56%) survived the neonatal 
period; 11 (42%) of 26 infants with a birthweight 
501-750 g survived compared with 49 (61%) of 81 

_ who were 751-1000 g. Neonatal survival rates for 
the four years were 48%, 67%, 50%, and 62%. 
Eighty-nine (83%) infants were inborn, 48 (45%) 
were boys, 8 (7%) were small for gestational age, 
and 26 (24%) were <750 g. Although the survival 
-rates were higher in infants who were inborn com- 
. pared with outborn (58 compared with 44%), 
female compared with male (64 compared with 46 %), 


small for gestational age compared with appropriate 
for gestational age (75 compared with 55%), and 
infants >750g compared with those <750 g 
(60 compared with 42%), none of these differences 
was statistically significant. The neonatal manage- 
ment of ELBW infants -bas been described in 
previous studies from this unit.™®’ Their pattern of 
respiratory failure, their morbidity attendant on 


_ respiratory management, and other major clinical 


and pathological characteristics which influenced 
outcome, have been reported previously.’ 

Of the 60 neonatal survivors, one infant who 
developed persistent neurological abnormality and 
post-intraventricular haemorrhage hydrocephalus 
had his life support systems withdrawn at 51 days. 
The 59 survivors were all being followed up at the 
growth and development clinic with the exception 
of two; one was assessed by a follow-up clinic 
overseas and the other by her own paediatrician. 
At the clinic, the children were given a clinical and 
neurological examination by a developmental 
paediatrician (A AO) and their development was 
assessed by a psychologist (J A) according to the 
Bayley scales of infant development which included 
a mental developmental index (MDD and a psycho- 
motor developmental index (PDI).2 Developmental 
data were available in 39 infants who were at least 
2 years old (corrected for prematurity) at their last 
assessment (mean + SD, 24-6 + 1-1 months). Infor- 
mation about the remaining 20 infants was derived 


823 


824 Orgill, Astbury, Bajuk, and Yu 

from their scheduled assessment at 1 year corrected 
age (mean + SD, 12-5 + 0-5 months). The mean 
birthweight of the survivors was 861 (SD 96) g and 
the mean gestation 26-8 (SD 2-3) weeks. 

Handicap was defined, similar to the definition of 
Stewart er al.,° as an abnormality which in the long 
term was likely to affect the individual’s ability to 
lead a normal life. Such abnormalities included 
cerebral palsy, developmental delay (MDI more than 
2 SDs below the mean), visual deficits or sensori- 
neural deafness, hydrocephalus, or persistent ven- 
tricular dilatation. Children who came within this 
definition of handicap were judged to have significant 
functional handicap only if the abnormality inter- 
fered with neuromotor or mental function. Mild 
cerebral palsy with asymmetry of muscle tone, 
hypotonia, or hypertonia which did not interfere 
with function, and hydrocephalus in a child who was 
otherwise physically and developmentally normal 
were not considered as significant functional 
handicaps. 

Methods of collection and processing of data 
have been reported in detail2°™ Statistical sig- 
nificance was evaluated using Student’s ¢ test and 
x? analysis with Yates’s correction as considered 
appropriate. 


Results 


There were 2 children with monoplegia, 5 with 
hemiplegia, and 2 with spastic quadriplegia (Table 1, 
Cases 1 to 9). The two children with quadriplegia 
had intrauterine infection from cytomegalovirus 
(Case 7) and rubella (Case 9). Both were small 
for gestational age and neither required assisted 
ventilation in the neonatal period. In addition to 3 
children with cerebral palsy who had an MDI 


Table 1 Survivors with handicaps 


Case Gestation Birthweight Sex Neurological function 
(weeks) (g) 
l à 25 T30 F Right hemiplegia 
2 25 840 F Right hemiplegia 
3 26 780 M Left hemiplegia 
4 26 800 M Rigbt hemiplegia 
5- 26 880 F Right monoplegia 
6 26 1000 M - Right monoplegia 
7 27 TOO F Spastic quadriplegia 
8 27 960 M Right hemiplegia 
9 32 950 M Spastic quadriplegia 
10 27 850 M ~ 
11 27 880 M maan 
12 24 660 F — 
13 25 870 F ~~ 
14 26 890 M ae 
15 25 89 F Hearing Impaired 
16. 3] 730 F Dilated right ventricle 


NT = not tested, RLF = retrolental fibroplasia, 


scored at more than 2 SDs below the mean, a pair of 
twins (Cases 10 and 11) with uneventful neonatal 
courses had an isolated MDI of 50 and 68 respec- 
tively. Fig. 1 shows the distribution of the Bayley 
scores. The mean score for the MDI was 97-91 
(SD 20-53) and the mean score for the PDI was 
85-18 (SD 16-06). 

Three children (Cases 12, 13, and 14) had cicatricial 
retrolental. fibroplasia, 2 in the right eye and the 
remaining child in both. One child (Case 15) 
required the use of a hearing aid. Another child who 
was small for gestational age, had a dilated right 
ventricle of unknown aetiology (Case 16). Her 
head growth was normal and ventriculo-peritoneal 
shunting was not required. 

The incidence of handicaps in survivors is shown 
in Table 2 together with their mean Bayley scores 
among 4 subgroups. There were no significance 
differences in the MDI and PDI scores between 
children who were inborn or outborn and those who 
were small or appropriate for gestational age. 


Table 2 Comparison of developmental outcome 
between groups 








Subgroups No of No with Bayley scores (meant SD) 
survivors handicap —_ ue i — 
MDI PDI 
Inborn $1 13 (25%) 97419 94415 
Outborn ' 8 2 (25%) 101+29 90421 
Male 2i 8 (38%) 871429 83415 
Female 38 7(18% 103+.19* 86417 
Small for 2 
gestational 6 2 33%) 91412 78 +26 
Age 
Appropriate 
for gesta- $3 13 25%) 99+21 86+15 . 
tional age 
<750 g 11 3 (27%) 86426 73415 
> 750 g 48 12 (25%) 101418 88+15* 
*P<0-005, 
Selzure Abnormal vision Bayley scores Functional 
c - handicap 
MDI PDI 
~ Myopia <50 82 Moderate 
— — 103 50 Moderate 
— Myopia 52 <50 Moderato 
= — 87 78 Moderate 
~ — 106 98 Mild 
_ -= 79 87 Mild 
~ —— 50 < 50 Severe 
~ oo 104 57 Moderate 
+ Blind NT NT Severe 
m — 50 85 Moderate 
on om 68 85 Mild 
m Right eye RLF 97 93 Moderate 
~~ Right eye RLF NT NT Severe 
~~ Bilateral RLF NT NT Severe 
~~ _ 112 75 Mild 
— ~~ 106 <50 Moderate 
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Fig. 1 Distribution of Bayley scores (a) MDI, (b) PDI. 





Fig. 2 Outcome of ELBW 
infants <750 g and >750 g. 
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Girls had similar PDI scores compared with boys Table3 Incidence of handicap in survivors who had 
but significantly higher MDI scores. Children with varying periods of oxygen and ventilatory therapy. 
birthweights <.750g had similar MDI scores 


‘compared with those >750 g but significantly lower 9 —______ a E O 
.PDI scores. There were no statistical differences in a cara te aa 
„the incidence of handicap in any of these groups e ee pas 
: i . Not required 4 2 (50° 
' ee OE oA 104 infants who required z a 2 GAR ik 08%) 
oxygen and 50 of 98 infants who required y a > (29 %) 
ied , ‘ 21 da 2 ‘ 
-assisted ventilation survived long term. The incidence <21 rk 3 i s Ose} 
of handicap in survivors who required periods of - ' 
oxygen or ventilation are shown in Table 3. No  “tsi#ted ventilation 
bbe ; i : : Required 50 (85% ° 
significant differences in handicap rate were found Not required 2 os É G25) 
between those who required and those who did not = 27, 42 ae 12 35%) 
require extended periods of oxygen or assisted >21 days 25 (42%) sae 


ventilation. “21 days 34 7Qi% 
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Of the 16 children coming within the definition 
of handicap in this study, 4 had mild functional 
` handicaps only (Cases 5, 6, 11, 15). Therefore, of the 
107 infants in this series, 48 (45%) died, 12 (11%) 
survived with moderate or severe functional handi- 
caps, 4 (4%) survived with mild functional handicaps, 
and 43 (40%) were healthy survivors. The 47 (44%) 
infants in the last two groups were considered to be 
developing within the normal range. The percentage 
who died, survived handicapped, or survived healthy 
for the 26 infants 501-750 g and for the 81 infants 
751-1000 g are shown in Fig. 2. 

Di é 

The reported incidence of healthy survivors has 
varied from 6 to 31% of the ELBW population!*-14 
(Fig. 3). The percentage of inborn infants in these 
published series ranged from 18 to 56% and the study 
with the highest number of healthy survivors 
consisted exclusively of outborn infants.48 With the 
increasing trend of intrauterine transfer of the high- 
risk fetus, even inborn infants can be a very-selected 
group. In this series, 73% were either booked 
maternity patients or had an elective in utero transfer 
before onset of labour. The percentage of small for 


0 Percent 50 


gestational age infants in the total cohort or among 
survivors in published series ranged from 18 to 51% 
except in one study.!* The numbers of survivors 
<750 g were either unknown or fewer than 4 and 
therefore data on their outcome were sparse. In the 
present series, only 17% of the cohort were outborn 
and 7% were small for gestational age. In addition, 
with the improved survival rate of 42% in infants 
<750 g who made up 25% of the patient population, 
more information is now available on the prognosis 
for these smallest infants. 

The incidence of retrolental fibroplasia in this 
cohort has previously been reported./® Although 8 
(7-5%) of 107 ELBW infants had evidence of acute 
changes in hospital, most had spontaneous regression 
of their retinopathy. At the most recent examination 
only 3 (5%) of the 59 survivors had grade IH or 
more retinal disease. Our experience with this 
condition was therefore different from the high 
incidence of 13-39 % reported in the other series.15-18 
Transcutaneous oxygen monitoring, which was 
available, during most of the study period, might 
have contributed to the improved ophthalmological 
outcome in this group at risk of retrolental 
fibroplasia. i 





Present series 





B89 ` 
| fe 


Handicapped Not know | | Healthy 


Fig. 3 Outcome of ELBW infants from published series. 
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We did not find a statistically significant increase 
in the incidence of handicap among survivors who 
had required extended periods of oxygen or assisted 
ventilation, although there is a suggested trend for 
a poorer outcome in those who required prolonged 
ventilation. A recent series has reported a sig- 
nificantly higher handicap rate in ELBW infants 
treated with mechanical ventilation.’ Current 
ability to achieve more optimal and stable oxygena- 
tion during the critical phase of their illness might 
have accounted for a lower incidence of both 
retrolental fibroplasia and cerebral palsy. 

Although the majority of survivors were over 2 
years old at the most recent assessment and the 
remainder were aged.at least 1 year, the duration of 
follow-up is still fairly short. It is unlikely that any 
major handicap had remained undiscovered but 
more subtle mental or behavioural handicaps cannot 
yet be determined. It is our intention to continue 
the follow-up of this cohort beyond school age. 

The high cost, both financial® and emotional,™ 
of neonatal intensive care for the ELBW infant, as 
well as the questionable quality of life despite 
improved survival, have discouraged a concerted 


.effort to provide optimal perinatal care. Although the 


results reported in this paper are preliminary and 
require confirmation from longer-term assessment 
which is taking place, they are nevertheless 


encouraging. As ELBW infants from our experience 


and from other reports? have an improving prognosis, 
we believe that a policy of benign neglect for these 
infants is not justified in the present era of perinatal 
medicine. Clarification of relationship between 
intensive care practices and quality of survival can 
only be achieved by careful monitoring of the growth 
and development in survivors from each neonatal 
unit. As the prognosis for ELBW infants is still less 
than desirable when compared with those >1000 g, 
such constant monitoring is obligatory for centres 
which embark on the perinatal care for this high-risk 


group of patients. 
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Mild form of Hunter’s syndrome: clinical delineation 


based on 31 cases 


I D YOUNG AND P S HARPER 


Department of Medicine, Section of Medical Genetics, University Hospital of Wales, Cardiff 


SUMMARY The clinical features are described in 31 cases of the mild form of Hunter’s syndrome 
(mucopolysaccharidosis IT) ascertained in the British Isles. The mean age at onset was 4:3 years and 
at death was 21-7 years. Each patient had a large head and short stature. Umbilical and inguinal 
herniae were recorded in 95% and 61% of the cases. Evidence of cardiac disease was found in 91 %; 
this was the most common cause of death. All of the patients suffered from frequent upper or lower 
respiratory tract infection. Middle airways obstruction proved to be a particular hazard. A high 
incidence of sensorineural deafness and unexplained papilloedema was noted. The importance of 
regular health care for these individuals is stressed. 


The demonstration of heterogeneity within the 
genetic mucopolysaccharidoses marks one of the 
major landmarks in contemporary knowledge of 
hereditary disease in man. There is now abundant 
evidence to suggest that Hunter’s syndrome, first 
described in 1917? and subsequently shown to be 
sex-linked,? is heterogeneous, with patients falling 
into two groups, labelled ‘mild’ and ‘severe’ depen- 
ding upon the presence or absence of progressive 
mental retardation.? 4 

We have recently completed a national survey of 
Hunter’s syndrome, the genetic aspects of which 
have been presented elsewhere. This paper 
describes the clinical features in a large group of 
patients with the fairly rare mild form of the disease. 


Patients ascertained 


Following an approach by letter to paediatricians 
throughout the British Isles, details were obtained 
concerning 22 definite and 9 probable cases of mild 
Hunter’s syndrome. The diagnosis in the former 
was based upon reduced activity of iduronate 
sulphatase,’ and in the latter upon a characteristic 
phenotype, with clear corneae, and excessive 
mucopolysacchariduria. ; ; 

At the time of ascertainment, 14 of the -patients 
were dead. Ten patients were personally examined: 
details of the remainder were obtained from hospital 
records-and discussion with living relatives. Photo- 
graphs of 10 of the study patients are shown in 
Fig. 1. Cases 1,8 2,9 18-22, and 25-26} 8 have 
been reported elsewhere. _ 


All the patients were male and none had repro- 
duced at the time of the study. 


Results 


Clinical features of the 31 patients are summarised 
in Table 1. During the period of maximum ascer- 
tainment the incidence of the disorder was 1 in 
579 282 male live births (0-173 per 100 000) and 
the prevalence 1 in 3-17 million males and females 
(0-065 per 100 000 males). These data show the 
rarity of the condition. 


General appearance. As shown (Fig. 1) the patients 
tend to share a characteristic facies with prominent 
supraorbital ridges, large nose with flared nares, 
patulous lips, and generous jowls with prognathism. 
Their short stature, hirsutism, abdominal protruber- 
ance, joint contractures, and loping gait endow 
these individuals with an unfortunate ape-like 
appearance. This cruel physiognomy, made worse 
by chronic ill health, often lead to serious emotional 
distress as documented in full elsewhere.1* 


Natural history. The average age of onset, defined as 
that age when either the parents or a health care 
professional became seriously concerned about the 
boy’s health, was 4-3 years. The mean age of death 
for the 14 dead patients was 21-7 years. 

The most common presenting symptom or sign 
was facial appearance, so that the diagnosis was 
usually first suspected by a paediatrician seeing the 
child for a fairly trivial reason. As shown (Table 1) 
the most common cause of death was cardiac failure. 
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Fig. 1 (Top row left to right) Case 8 at 6 years, Case 10 at 22 years, and Case 60 at 15 years, (Middle row) Case 1 
at 31 years, Case 2 at 20 years, Case 23 at 20 years, and Case 24 at 17 years. (Bottom RowyCase49 at 22 years, Case 50 
at 17 years, and Case 51 at 12 years. Cases 23 and 24 are nephews of Cases 25 and 26 who-have heen described 
elsewhere. }? 
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Growth parameters. All of the patients had large 
head circumferences which became more apparent as 
they became older (Fig. 2). Linear growth began to 
decline at 4 to 6 years so that by 12 years all of the 
study patients had fallen below the 3rd centile 
(Fig. 3). 
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Intelligence. By definition patients with mild 
Hunter’s syndrome have normal or relatively 
normal intelligence. Formal intelligence assessments 
had been performed in 9 of the study patients. These 
results are shown in Table 2. It is notable that 
several of the patients scored disproportionately 


e w g 


14 16 18 >18 


Fig. 2 Head growth in study patients. Note increase with advancing years. 
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Fig. 3 Linear growth in study patients. 
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Table 2 Results of formal IQ assessments in study 
patients 








Case Chrono- Reading Perfor- Verbal Full Test 
logical age age mance IQ IQ 
(years) (years) IQ 
I - 31 91 78 83 WISA 
19 9-8 6-3 86 SB 
17 4 126 MP 
10-9 8-3 65 72. 66 WISC 
32 4 94 Unknown 
33 2 92 Unknown 
51 13 5-4 82 WISC 
65 5 115-130 <115 WISC 
75 4-6 67 Unknown 
8 42 Columbia 
55 SB 
9 50 Columbia 
14-6 6°6 
88 5.2 87 TM 
7-4 $0 WISC 
13-2 113 99 106 WISC 


WISC/A = Wechsler intelligence tests for children/adults, MP = 


Merrill Palmer, SB = Stanford Binet, TM «= Terman Merrill. 


badly on tests of verbal and reading abilities. The 
unusual results in Cases 17 and 75 have been dis- 
cussed elsewhere.® 

An additional indicator of intelligence is given' by 
academic achievements and occupational history. 
One patient passed the ‘11 plus’ and subsequently 
worked as a jeweller’s engraver. Six of the study 
group had passed the driving test: two worked as 
van drivers, and a third ran a building office for 
over 7 years. One patient was unable to find work 
despite having passed several subjects at O and 
CSE level. 


Gastrointestinal system. Nearly all patients showed 
significant disease on abdominal examination. 
Hepatosplenomegaly was documented in 18 out of 
20 cases, being present as early as 11 months in one 
and as late as 33 years in another. Necropsy studies 
in Case 2 showed a liver of normal size with only 
mild splenomegaly. Definite hepatosplenomegaly 
was noted in his cousin, Case 1, so that the presence 
or absence of this feature does not appear to be a 
familial characteristic. 

All of the study patients about whom information 
could be obtained, other than Case 8, were noted to 
have an umbilical hernia at some stage in their illness. 
This was often present at birth and rarely trouble- 
‘some. In Case 23 emergency surgery was required 
for incarceration and subsequent repair was needed 
on two occasions. Inguinal herniae were noted in 
61% of the cases, being bilateral in 33%, right 
sided in 17 %, and left sided in 11%. In 33 % of these 
patients the hernia was present at birth or in early 
infancy. Recurrence after surgery occurred in 2 
patients. An incisional hernia occurred in one 


patient after the removal of an inflamed appendix 
at age 13 years. 


Cardiovascular system. Evidence of cardiac disease 
was present in 21 out of 23 patients about whom 
information could be obtained. This is summarised 
in Table 2. Valvular disease was particularly common 
often existing from early childhood as revealed by 
the catheter studies performed in Cases 23 and 24 
at ages 5 and 24 years. The importance of ‘cardiac 
disease in this disorder is reflected by the fact that it 
was the most common cause of death among the 
study patients, several of whom had been treated 
with digoxin and diuretics with only limited success. 


Respiratory system. All of the study patients had a 
history of frequent upper respiratory infections 
including rhinitis, tonsillitis, laryngitis, and otitis 
media, with chronic muco-purulent nasal discharge. 
Tonsils and adenoids were removed from 14 of 19 
patients at a modal age of 4 years. Lower respiratory 
infections tended to be Jess frequent in these patients, 
but when present proved life threatening. Often an 
element of cardiac failure supervened. During these 
dyspnoeic episodes the expectoration of profuse 
secretions proved a major hazard. 

A curious finding, possibly related to the rigidity 
of the chest wall, was the presence of bronchial 
breathing in 4 cases, in the absence of other signs 
of active pulmonary disease. All of the patients 
showed reduced chest expansion due to the splinting 
effect of a rigid rib cage and abdominal distension. 
Two of the older patients spontaneously volunteered 
that they were unable to swim and in particular float. 

One of the most ‘sinister problems in these 
patients was their propensity to middle airways 
obstruction. Serious problems had occurred during 
attempted intubation in 4 cases, one of whom died. 
Of the 10 cases personally examined, all but one, 
the youngest, had a husky or hoarse low pitched 
voice which became more noticeable with ad- 
vancing years. In these patients there was no other 
evidence of relevant cranial nerve disturbance. 


Hearing. Deafness was common (Table 1) and in 3 
this was the main complaint. The hearing deficit, 
often first noted in early childhood, consisted of 
both conductive and sensorineural components. This 
is well illustrated in Fig. 4 which shows audiograms 
recorded from Case 17 at age 7 years, shortly before 
and after bilateral myringotomy and insertion of 
grommets. These audiograms clearly show the 
benefit gained by regular drainage of the chronic 
glue ear occurring as a result of persistent Eustachian 
tube dysfunction associated with adenoidal hyper- 
trophy. Prompt and appropriate antibiotic and 


sek 
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decongestant therapy would seem to be indicated 
to try to prevent this unwelcome legacy of chronic 
upper airways disease. 


Neurological involvement. Blurring of the disc 
margins was.noted in 6 of the 10 cases personally 
examined. In one of these patients the presence of 
true papilloedema was confirmed by fluorescein 
angiography.® In two. others the disc blurring was 
attributed to pseudopapilloedema—that is severe 
hypermetropia with a small pink disc. None of these 
patients had seriously impaired vision or other 
evidence of raised intracranial pressure. 
Electroretinography in 3 cases at ages 13, 21, and 
33 years showed a reduced amplitude response. In 
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A Right masked bone conduction 

4 Left masked bone conduction 

o Right air conduction 

è Left air conduction- 
Fig. 4 Audiograms in Case 17 at age 7 years (a) before 
and (b) after bilateral myringotomy and insertion of 
grommets. Masked bone conduction tracing indicates the 
overall hearing potential. 


two of them the visually evoked responses were also 
of low amplitude and poorly defined. Two other 
patients in the study complained of poor nocturnal 
vision. 

Other than papilloedema few of the study patients 
showed evidence of serious neurological disturbance. 
Only one had a history of fits, having sustained a 
single grand mal convulsion with residual hemi- 
paresis at age 12 years. The hemiparesis recovered 
within 3 weeks. This individual died 18 years later 
with no evidence of progressive neurological disease. 
The. most serious problem encountered was an 
unexplained slowly progressive quadriparesis which 
first presented in a 27-year-old patient after a fall 
down a flight of stairs. At the time of examination 
2 years later, the patient was almost totally helpless 
although fully alert and orientated. Other than 
lower spinal plain radiographs which showed no 
bone injury, this man’s quadriparesis had not been 
investigated. 

Bilateral carpal tunnel syndrome had been treated 
in 4 patients at ages 13, 19, 20, and 21 years. In one 
of these individuals gross sensory changes were 
present with trophic lesions on the fingers. 


Locomotor system. Evidence’ of widespread joint 
involvement was present in all the study patients. 
This was clearly manifest in the two- youngest boys 
and became increasingly severe in the older indivi- 
duals, the oldest of whom suffered severe bilateral 
hip pain associated with radiological evidence of 
extensive osteoarthritis at age 31 years. 

Spinal involvement tended to be minor with loss 
of normal curvature. Four patients showed a mild 
thoraco-lumbar kyphosis, non-progressive in nature. 
The joints showing most severe involvement in 
decreasing order of severity were those in the hands, 
elbows, shoulders, hips, knees, wrists, and ankles. 
The well recognised: ‘claw-like’ changes were 
apparent by 5 years, and with advancing age the 
hands took on a spade-like appearance being broad 
and thick with stubby clawed digits. These features 
are apparent in Fig. 5 which shows the hands of the 
oldest encountered living patient at the age of 31 
years. This picture also shows early atrophy of the 
thenar musculature. ` l 


Discussion 


It is evident that individuals with this disorder are 
subject to extensive multi-system disease, due 
primarily to the functional disturbance generated by 
the cellular accumulation of excessive oligo- 
saccharides. However the pathogenesis of some of 
the more insidious and invidious complications is 
not entirely clear. - 
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Fig. 5 The hands of Case 1 at 31 years. Note the spade-like appearanc 


Dwarfism, for example, was a consistent finding 
in the study group with the average height of 11 
patients aged over 18 years being 134-5 cm. The 
cause of this dwarfism is unknown. Osseous growth 
plate disturbance may be partially responsible since 
skeletal involvement in the form of dysostosis 
multiplex is well known in the mucopolysacchari- 
doses, in which both osteocytes and chondrocytes 
may show storage abnormalities.'* Pituitary function 
may also be impaired. Necropsy findings in Case 18 
showed a paucity of eosinophilic cells plus ex- 
tensive ‘degenerate’ cells in the pituitary.'? In 
another well documented case of mild Hunter’s 
syndrome, vacuolated cells were found in the 
anterior lobe of the pituitary at necropsy.!? Although 
they have not been described in mild Hunter's 
syndrome, arachnoid cysts have been reported in the 
pituitary fossa in other forms of mucopolysacchari- 
dosis,'® and their presence may well further com- 
promise pituitary function. 

The explanation for the macrocephaly may also 
be multifactorial, and include thick skin, bushy 
scalp hair, calvarial thickening with frontal bossing, 
meningeal hypertrophy, cerebral enlargement, and 
possibly mild hydrocephaly. Computerised tomo- 
graphy in Case | at age 31 years showed normal 
lateral and 3rd ventricles with a dilated 4th ventricle. 
In his cousin (Case 2) examination at necropsy 
showed the brain to be enlarged (1800 g) with 





e with typical ‘claw’ deformity. 


‘congested’ meninges but no other apparent ab- 
normality. Reports suggest that hydrocephalus does 
not normally occur in mild Hunter’s syndrome, the 
exception being a child,'’ in whom there was failure 
of reabsorption of cerebrospinal fluid because of 
leptomeningeal thickening. 

The high incidence of inguinal and umbilical 
herniae in Hunter’s syndrome may be due at least 
in part to underlying abnormalities in connective 
tissue. An increased quantity of mucopolysaccharide 
has been noted in the connective tissue from bone, 
cartilage, and respiratory tract obtained from a 32- 
year-old man with probable mild Hunter’s syn- 
drome who died in a road accident.'® It was also 
noted that collagen-mucopolysaccharide bonds in 
his bone, cartilage, skin, and mitral valve differed 
appreciably from normal and that the collagen 
itself showed an increased number of free hydroxyl 
groups. 

Involvement of the cardiovascular and respiratory 
systems causes disproportionate morbidity. In 
this study cardiac disease was directly responsible 
for the deaths of 8 out of 13 patients. Valvular 
disease was particularly common, often existing 
from early childhood, as shown by the catheter 
studies performed in Cases 23 and 24 at 5 and 23 
years respectively. During the first 15 years of life 
clinical evidence of mitral or aortic valve disease was 
detected in over half the patients. This was often 
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asymptomatic. Subsequently more serious problems 
occurred, possibly secondary to chronic valvular 
haemodynamic disturbance or to cor pulmonale 


. associated with chronic respiratory tract disease. 


Necropsy - findings in various forms of muco- 
polysaccharidosis have shown involvement not 
only of the epicardium, but also of the myocardium, 
endocardium, and coronary arteries. 1° 


In the respiratory system, obstruction constitutes . 


the major hazard often exacerbated by acute 
infectious episodes. The presence of hoarseness and 
frequent reference to difficulties at, intubation 
suggest that the main problem lies in the region of 
the larynx and upper trachea. Laryngoscopy 
and laryngeal xerography in Case 1 have shown 
gross supraglottic oedema with prominent false 
cords and antero-postero tracheal flattening.® In 
Case 2, the trachea was found to be small and 
flattened at necropsy. Hunter’s original patients 
were noted to have ‘uneasy and stertorous’ breathing, 
and similar problems have been reported in other 
cases, 20-23 

This middle airways obstruction is one of several 
factors which combine to make general anaesthesia 
a most hazardous undertaking in this disease. 
Limitation of movement at the temporo-mandibular 
joints, macroglossia, and gingival hyperplasia 
almost totally preclude a clear view with the laryngo- 


‘scope. The short neck, overhanging epiglottis, and 


prominent false cords make a blind intubation very 
difficult; while the small flattened trachea seriously 
reduces the prospects of a successful emergency 
tracheostomy. Even if the operation is itself un- 
eventful, the postoperative course is likely to be 
stormy because of the copious secretions, rigid rib 


cage, and pre-existing compromised cardiorespirat-. 


ory function. It is suggested that general anaesthesia 
should not be lightly undertaken in patients with 
the mild form of Hunter’s syndrome, particularly 
those in the older age group. 

Several authors have noted longstanding papilloe- 
dema in mild Hunter’s syndrome,? ™ * 28 and while 
unexplained, its presence does not necessarily augur 
badly. Whatever its. aetiology, which may include 
lepto-meningeal thickening with or without internal 
hydrocephalus, the presence of papilloedema is one 
of several factors which indicate that the nervous 


_ system is not entirely immune to damage in mild 


Hunter’s syndrome. These include the disparity 
between performance and verbal intelligence scores 


‘as noted here and elsewhere,’ 17 the high incidence 


of sensorineural deafness as noted here and possibly 
explained by the presence of vacuolated cytoplasm 


` ‘in the spinal ganglion cells of the eighth cranial 


nerve,*4 and the impaired electroretinography and 


‘visually evoked responses noted here and possibly 


explained by the finding of vacuolated retinal gang- 
lion cells. l 

Nor is the peripheral nerve entirely spared in this 
disease. Sural nerve biopsy in a 20-year-old proved 
‘case showed multivacuolated endoneurial fibro- 
blasts and perineurial cells with ‘zebra bodies’ in the 
Schwann cells.” Similar changes were noted in sural 
nerve from 3 brothers with an unusually mild form 
of the disease manifesting as multiple nerve entrap- 
ments.2? The progressive quadriparesis noted in the 
27-year-old patient in this study may be due to a 
myelopathy secondary to meningeal thickening in 
the cervical region as has been documented in at 
least one other adult with mild Hunter’s syndrome.™ 

This disorder is sufficiently rare for it to be 
unusual for more than a single case to be en- 
countered in a lifetime. Yet its complications are 
so extensive as to merit the fullest- possible medical 
attention. This paper is presented in the hope that 
those who do encounter such a case may be alerted 
to the many problems which may lie ahead. 


The observations in this paper are drawn from a 
thesis submitted to the University of London for 
the degree of Doctor of Medicine by ID Y. ' 
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Endocrine function, morbidity, and mortality after 
surgery for craniopharyngioma 


K R LYEN AND D B GRANT 


The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY The records of 59 children with craniopharyngioma first treated between 1960 and 1980 
were reviewed. There was a high incidence of postoperative growth hormone deficiency (43 of 43), 
andrenocorticotrophin deficiency (26 of 36), thyrotrophin deficiency (13 of 20), gonadotrophin 


. deficiency (15 of 16), and diabetes insipidus (44 of 58). Fifteen patients have died: diabetes insipidus 
_ was a contributory factor in 5 patients who died within the first 4 months of surgery; and 8 further 


children died unexpectedly after the postoperative period, probably as a result of anterior pituitary 
insufficiency. In addition, hypopituitarism led to medical emergencies in 12, 9 of whom had sympto- 
matic hypoglycaemia. These findings illustrate the high incidence of pituitary deficits which follow 
current methods for treating childhood craniopharyngioma, and the long-term risks associated with 


these deficits. 


Several papers have been written about the clinical 
features and the surgical management of children 
with craniopharyngioma.* However, reports 
describing the complications of the endocrine deficits 
which often follow current methods of surgical 
treatment are few.5-§ The outcome in 59 children 
with craniopharyngiomas who were first seen at this 
hospital between 1960 and 1980 is reviewed. We 
believe this paper illustrates some of the problems 
that can arise during the surgical and medical 
management. 


Patients and methods 


Patients. The records of all patients first seen 
between 1960 and 1980 with a diagnosis of cranio- 
pharyngioma were reviewed. Only patients who had 
initial surgical treatment at this hospital are included; 
patients referred for endocrine management after 
surgery elsewhere are excluded. Banna ef al.* have 
already described the presenting features of the cases 
seen before 1973. 

' The following report is based on the findings in 59 
children: in each the diagnosis was confirmed either 
by histological examination of resected tumour or by 
the finding of cholesterol crystals in fluid aspirated 
from a cystic tumour. There were 34 boys aged 
between 1 and 13-8 (mean 6-2) years at the time of 
diagnosis, and 25 girls aged between 2-6 and 15 
(mean 7-7) years. 


The surgical management of many of the patients 
was described by Shapiro eż al.$ and is summarised in 
Table 1. Twenty patients required at least 2 surgical 
procedures because of tumour recurrence, and 26 
children received radiotherapy as well. 

The average duration of follow-up was 7 years and 
23 patients are still attending outpatient clinics. A 
further 9 patients are still alive but 12 have been lost 
to follow-up. Fifteen patients have died: the causes 
of death are discussed below. 


Endocrine evaluation. Growth hormone (GH) and 
adrenocorticotrophin (ACTH) secretion were 
assessed by measuring plasma GH? and cortisol!’ 
during stimulation tests, generally after injection of 
insulin (0-05 U/kg) but in some cases after injection 
of glucagon (0-1 mg/kg): in patients already 


Table 1 Surgical procedures carried out in 59 children 
with cranlopharyngioma 
Type of procedure No of children 
Giren procedure Given radiotherapy 

Single resection of tumour 33 9 
Repeat resection for tumour 15 9” 

recurrence 
Aapiration and tumour 5 3 

resection : 
Aspiration of cystic tumour 5 4 
Ventricular drainage 1 1 
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receiving treatment with steroids the morning dose 
was omitted before the test. Thyroid-stimulating 
hormone (TSH) secretion was assessed by estimating 
plasma thyroxine (T4),4 and assaying TSH? after 
injection of 100 ug thyrotrophin-releasing hormone 
(TRH). Gonadotrophin secretion was studied by 
measuring plasma luteinising hormone (LH) and 
follicle-stimulating hormone (FSH)? after intra- 
venous injection of 100 ug luteinising hormone- 
releasing hormone (LH-RH). 

All the tests were carried out at least 3 weeks after 
surgery and at a time when perioperative steroid 
therapy had been reduced to physiological levels: in 
most cases tests were performed several months, or 
even years, after surgery or radiotherapy. In some 
patients the tests of anterior pituitary function were 
repeated, generally after further surgery for tumour 
recurrence. The most recent results are given for 
these patients. 

The diagnosis of diabetes insipidus was generally 
made on the basis of marked polyuria which 
responded to treatment with vasopressin, and formal 
tests of urine concentrating capacity were performed 
in only a few patients in whom symptoms were slight. 


Findings 


Endocrine deficits. In some of the early cases in this 
series no reliable tests of anterior pituitary function 
were available and few children had tests of pituitary 
function carried out before surgery. The post- 
operative endocrine results which are available are 
summarised in Table 2. All the children tested had 
subnormal GH responses to insulin or glucagon 
stimulation, and 26 of the 36 children tested had 
evidence of impaired ACTH secretion. TRH tests 
were performed in 20 children, in 13 of whom there 
was no appreciable rise in plasma TSH. Of the 
remaining 7 cases who did have an increased level of 
TSH, 4 were subsequently treated with L-thyroxine 


Table 2 Documented postoperative endocrine deficits 


Total patients 
studied 
Growth hormone (mU/D 
Number of children with peak <5 34 43 
Number of children with peak 5-10 9 43 
Corticotrophia (mU/D : 
Number of children with peak 26 36 
plasma cortisol < 320 
Thyroid-stimulating hormone (mU/D 
Number of children with peak 13 20 
serum TSH <3 
Gonadotrophin (mU/)) 
Number of children with peak | i5 16 
LH and FSH <1 
Vasopressin 
Number of children with clinical 44 58 


diagnosis of diabetes insipidus 





because of persistently low plasma T4 levels which 
suggested the presence of ‘hypothalamic’ hypo- 
throidism. Plasma LH and FSH were measured 
after LH-RH injection in 16 patients (mean age 
11-1 years) who showed no evidence of spontaneous 
pubertal development. One boy aged 8-6 years 
showed a peak LH value of 25 mU/I during the test 
but in the remaining 15 patients no rise was detect- 
able in either LH or FSH. 

Forty-four patients had persistent postoperative 
diabetes insipidus which required treatment with 
vasopressin. 


Growth and pubertal development. Preoperative 
records of height were available in only 36 children: 
in 8 the height was more than 2 standard deviation 
(SD) scores below the mean, suggesting the presence 
of GH deficiency at the time of diagnosis. For the 
entire group, height was about 1 SD score below 
the mean. 

Fourteen patients grew normally for variable 
periods (1 to 6 years) after surgery. GH levels were 
studied in 10 of them and peak values below 10 mU/1 
were found. In 8 of the 14 cases growth was associated 
with hyperphagia and pronounced obesity: these 
were not features in the remaining 6 cases, one of 
whom was a boy who developed precocious puberty. 

In all, 31 patients have been treated with GH and 
the results for the children who have completed their 
treatment were reported by Burns ef al! Most 
patients in this series have been given maintenance 
T4 and steroids: of the 23 cases still attending the 
outpatient clinics only 2 are not receiving T4 and all 
but one are taking cortisone or hydrocortisone at 
doses of 5 to 15 mg daily. 

With the exception of the boy with precocious 
puberty, none has shown spontaneous pubertal 
development; however 2 girls show good pubertal 
development. Five of the older boys have been 
treated with depot testosterone injections and 6 of 
the girls with ethinyl oestradiol. 


Deaths. Fifteen patients are known to have died. 


Early postoperative death 

Only one child died as a direct result of an operative 
procedure. This 7-year-old girl suddenly collapsed 
about 6 hours after aspiration of a large cystic 
tumour: necropsy showed subarachnoid haemor- 
rhage and ‘coning’ at the foramen magnum. 


Late postoperative deaths 

Five children had stormy courses after surgery and 
died within 4 months; 3 of these children had 
required surgery for tumour recurrence, All had 
diabetes insipidus, and difficulty in maintaining fluid 
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balance probably played an important part in 
causing death. The condition of one 7-year-old girl 
deteriorated rapidly 24 hours after surgery as a 
result of uncontrolled diabetes insipidus and she 
died 2 days later without regaining consciousness. 
The condition of the other 4 deteriorated in the first 
few days after surgery; one developed a hemiparesis 
and -another quadriplegia. Maintenance of fluid 
balance was difficult in these stuporose patients and 
recurrent episodes of hyponatraemia or hyper- 
natraemia persisted until their deaths 1 to 4 months 
later. Necropsy in one showed infarction of the right 
frontal lobe with no sign of residual tumour. 


Tumour recurrence 

Although many patients required repeat surgical 
procedures because of tumour regrowth, only one 
child died as a direct result of recurrence. This was a 
girl who was blind and who had a hemiparesis after 
incomplete removal of a large tumour at age 6 years. 
Further attempts to remove the tumour were not 
felt to be justified and she died at age 12 years. 


Unexpected late deaths 

Eight children died unexpectedly 3 months to 8 years 
after surgery. The clinical details are shown in 
Table 3. In 2 cases few clinical details are available, 
but in 4 sudden collapse occurred after a respiratory 
infection, and in 2 after gastroenteritis. Social 
factors probably contributed to the deaths of 4 
children: 3 came from very inadequate homes and 
the fourth was at boarding school where close medical 
supervision was difficult to achieve, 


Emergency admissions to hospital. A total of 12 
children required emergency admission to hospital as 
a result of pituitary insufficiency. 

Nine patients were admitted to hospital with 
symptomatic hypoglycaemia. Their clinical features 
are summarised in Table 4. In 5 cases hypoglycaemia 
was precipitated by gastroenteritis and 2 further 
boys came from inadequate homes. One boy with 


Table 4 Admissions with hypoglycaemia 


Table3 Unexpected late deaths 





Age Sex Timeafter Diabetes Treatment Comments 
surgery insipidus with 
(years) steroids , 
27 M 0-3 Yes Yes Gastroenteritis* 
32 M 0.4 Yes Yes “Sudden collapse’* 
4-7 M 1-5 No Yes Respiratory 
infection. 
Hypoglycaemia 
6-0 F 3-0 No Yes Gastroenteritis 
8-9 M 45 No Yes Respiratory 
infection* 
11-0 F 4-0 Yes No ‘Sudden collapse’ 
14-3 M 8-8 Yes No Respiratory 
infection 
159 M 2.0 Yes Yes Respiratory 
infection 





*Children from inadequate homes. 


‘recurrent hypoglycaemia sustained severe brain 


damage with dementia, and another subsequently 
died after a respiratory infection at age 14 years. The 
other 7 cases made uneventful recoveries. 

Three children with diabetes insipidus on treatment 
with desmopressin required emergency admission 
because of water overload which caused convulsions 
and drowsiness; 2 were boys from inadequate homes 
who on several occasions had been admitted with 
hyponatraemia, probably as a result of excessive 
drinking as part of behavioural disorders. 

One 15-year-old boy was admitted with pneumonia 
and circulatory failure 10 years after his tumour had 
been resected. Postoperative tests had indicated 
normal ACTH secretion and he was not receiving 
steroid replacement therapy at the time of admission. 
He responded to vigorous treatment with antibiotics 
and steroids and is now on maintenance steroid 
therapy. i 


Discussion 
This retrospective study has a number of limitations, 


particularly with regard to lack of uniformity in 
investigation and management. In addition, few of 
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* More than one episode. 


Treatment Comments 

With sterolds With GH 

Yes Yes 

Yes Yes Gastroentoritis 
Yes No Gastroenteritis 
Yes No Inadequate home* 
Yes No Otitis media” 

Yes Yes Inadequate home* 
No No Steroids stopped 
No No Gastroenteritis 
Yes Yes Gastroenteritis 
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the patients had had detailed investigation of 
pituitary function before surgery, as most presented 
as neurosurgical emergencies with deteriorating 
vision Or symptoms of raised intracranial pressure. 
However, roughly one-quarter had pronounced 
short stature at the time of diagnosis, suggesting that 
GH deficiency was already present. This is in accord 
with the experience of others—for example, more 
than half the patients investigated by Thomsett et al." 
and by Newman ef al. had preoperative GH 
deficiency. 

The high incidence of postoperative pituitary 
deficits in our series of patients is similar to that 
described by Thomsett et al.” and Newman et al.’ 
In these last two series all patients had postoperative 
GH deficiency, 80-100% had ACTH deficiency, 
80-85% TSH deficiency, 70-100% gonadotrophin 
deficiency, and 70-72% diabetes insipidus. The 
respective figures for our patients are 100°, for GH 
deficiency, 72% for ACTH, 65% for TSH, 93% for 
gonadotrophins, and 74% for diabetes insipidus. 

It has long been known that an appreciable 
proportion of children with craniopharyngioma grow 
at a normal rate after surgery despite the apparent 
absence of GH secretion.!ë The incidence of such 
cases in our series (14 of 59) is similar to that 
reported by Kenny eż al. (3 of 10), by Job et al.’ 
(10 of 35), and by Thomsett et al.” (7 of 39). As in 
other series, growth was often associated with obesity 
and hyperphagia. While it is known that post- 
operative growth is associated with normal serum 
somatomedin levels,'®!* the stimulus for somato- 
medin production is still a matter for debate. 
However, most children with craniopharyngioma 
grow poorly after surgery and GH with supple- 
mentary thyroid and sex hormones are required.!4 

Poorly controlled diabetes insipidus probably 
contributed to the deaths of 5 of our patients after 
surgery, possibly by leading to cerebral venous 
thrombosis. All these deaths took place before the 
introduction of the long-acting vasopressin analogue 
desmopressin. However, control of postoperative 
fluid balance is still a problem, particularly in 
patients with both diabetes insipidus and hypodypsia 
after surgery. Such hypodypsia occurred in at least 
4 of our cases but in all but one child a normal sense 
of thirst was regained after some months. Inappro- 
priate vasopressin release after surgery can also 
complicate postoperative management.!8 We believe 
that this may have been present in some of our 
patients but we were unable to document it in our 
retrospective study of the postoperative fluid balance 
charts. 

Diabetes insipidus caused few problems after the 
immediate postoperative period. Although 3 children 


required admission to hospital because of over- 
hydration, this was largely because of inappropriate 
management at home. In contrast, anterior pituitary 
failure—in particular ACTH deficiency—probably 
led to most of the late medical emergencies. The 
importance of cortisol deficiency, and to a lesser 
extent of GH deficiency, in the aetiology of hypo- 
glycaemia is well known and amply illustrated by 
the 9 children who developed symptomatic hypo- 
glycaemia, often after gastroenteritis. Hypoglycaemia 
also occurred in one child who died unexpectedly: 
we do not know whether it was an important factor 
in any of the other unexpected deaths. 

Between 1975 and 1980 most of the children 
attending the outpatient clinics were given steroid 
replacement therapy, even if the postoperative tests 
of pituitary function indicated normal ACTH 
secretion. Fairly low doses of cortisone acetate or 
hydrocortisone (5-15 mg/day) were given in order to 
avoid any inhibition of growth, particularly in 
children on GH treatment, and parents have been 
instructed to double or triple the dose of steroid 
during any illness or infection. The importance of 
avoiding long periods without food and of obtaining 
medical help if the child becomes drowsy or un- 
responsive has also been stressed. Even so, 2 children 
died unexpectedly during this period and 4 developed 
symptomatic hypoglycaemia. It is probably 
significant that 4 of these 6 children came from very 
inadequate families. 

In conclusion, the current surgical treatment of 
childhood craniopharyngioma is followed by a very 
high incidence of anterior and posterior pituitary 
failure. The attendant risks of hypoglycaemia or 
sudden collapse place a heavy responsibility on the 
family and call for careful long-term medical 
supervision. 


References 
1 Matson D D, Crigler J F, Jr. Management of cranio- 
pharyngioma in childhood. J Neurosurg 1969; 30: 377-90. 
Hoff J T, Patterson R H, Jr. Craniopharyngiomas in 

children and adults. J Neurosurg 1972: 36: 299-302. 

Banna M, Hoare R D, Stanley P, Till K. Cranio- 

pharyngioma in children. J Pediatr 1973; 83: 781-5. 

Shapiro K, Till K, Grant D N. Craniopharyngiomas in 

childhood: a rational approach to treatment. J Neurosurg 

1979; 50: 617-23. 

Job J C, Lambertz J, Sizonenko P-C, Rossier A. La 

croissance des enfants atteints de craniopharyngiome. 

Arch Fr Pediatr 1970; 27: 341-53. 

Hoffman H J, Hendrick E B, Humphreys R P, BuncicJ R, 

Armstrong D L, Jenkin R D T. Management of cranio- 

pharyngioma in children. J Neurosurg 1977; 47: 218-27. 

? Thomsett M J, Conte F A, Kaplan S L, Grumbach M M. 
Endocrine and neurologic outcome in childhood cranio- 
pharyngioma: review of effect of treatment in 42 patients. 
J Pediatr 1980; 97: 728-35. 


to 


oe 


wa 


on 


a> 


Endocrine function, morbidity, and mortality after surgery for craniopharyngioma 841 


8 Newman C B, Levine L S, New M I. Endocrine function 
in children with intrasellar and suprasellar neoplasms. 

. AmJ Dis Child 1981; 135: 259-62. 

® Grant D B, Jackson D, Raiti S, Clayton B E. Comparison 
of serum growth hormone levels after Bovril and insulin 
stimulation. Arch Dis Child 1970; 45: 544-6. 

10 Barnes N D, Joseph J M, Atherden S M, Clayton B E. 
Functional tests of adrenai axis in children with measure- 
ment of plasma cortisol by competitive protein binding. 
Arch Dis Child 1972; 47: 66-73. 

2 Ryness J. The measurement of serum thyroxine in 
children. J Clin Pathol 1972; 25: 726-9. 

12 Jackson D, Vanderschueren-Lodewyckx M, Grant D B. 
Thyrotrophin estimation in diagnosis and treatment of 
childhood thyroid disorders. Arch Dis Child 1975; 50: 
322-5. 

13 Savage M O, Preece M A, et al. Gonadotrophin response 
to LH-RH in boys with delayed growth and adolescence. 
Arch Dis Child 1981; 56: 552-6. 

14 Burns E C, Tanner J M, Preece M A, Cameron N. 
Growth hormone treatment in children with cranio- 
pharyngioma: final growth status. Clin Endocrinol (Oxf) 
1981; 14: 587-95. 

i8 Kenny F M, Iturzaeta N F, Mintz D, et al. Iatrogenic 


hypopituitarism in craniopharyngioma: unexpected 
catch-up growth in three children. J Pediatr 1968; 72: 
766-75. 

18 Finkelstein J W, Kream J, Ludan A, Hellman L. Sulfation 
factor (somatomedin): an explanation for continued 
growth in the absence of immunoassayable: growth 
hormone in patients with hypothalamic tumors. J Clin 
Endocrinol Metab 1972; 35: 13-7. 

17 Costin G, Kogut M D, Phillips L S, Daughaday W H. 
Craniopharyngioma: the role of insulin in promoting 
postoperative growth. J Clin Endocrinol Metab 1976; 42: 
370-9. 

18 Chapman S J, Neville B G R, Schurr P H. Cranio- 
pharyngioma in childhood; the nature and management 
of early postoperative fluid and electrolyte disturbance. 
Dey Med Chiid Neurol 1978 ; 20: 598-604. 


Correspondence to Dr D B Grant, The Hospital for 
Sick Children, Great Ormond Street, London 
WCIN 3JH. 


Received 22 July 1982 


British Paediatric Association 


Annual meetings 
1983 
1984 
1985 
1986 
1987 


12-16 April 
10-14 April 
16-20 April 
15-19 April 
7-11 April 


York University 
York University 
York University 
York University 
York Unievrsity 


Archives of Disease in Childhood, 1982, 57, 842-847 


Effects of heat treatment of cows’ milk and whey on 
the nutritional quality. and antigenic properties 


P J KILSHAW, L M J HEPPELL, AND J E FORD 
Nutrition Department, National Institute for Research in Dairying, Shinfield, Reading, Berkshire 


SUMMARY Recent experiments in guinea-pigs suggest that heat treatment applied during the 
manufacture of baby milk formulae reduces the immunological sensitising capacity of the cows’ 
milk proteins. This immunological benefit must be weighed against possible damage that heat 
treatment may cause to the nutritional quality of the products. Severe heat treatment of skimmed 
milk (121°C for 20 min) destroyed all the vitamin B12, about 60% of the thiamin and vitamin B6, 
70% of the ascorbic acid, and about 30% of the folate. Available lysine was reduced by 21% and 
lactulose was formed (166 mg/100 ml). Despite extensive denaturation of the whey proteins the 
milk retained its capacity to sensitise guinea-pigs for systemic anaphylaxis when administered 
orally. Animals drinking heated milk also produced circulating antibodies to 8-lactoglobulin and 
casein, although titres were lower than for unheated milk. Unlike skimmed milk, heat-treated 
diafiltered whey failed to sensitise guinea-pigs orally. It caused the production of trace levels of 
antibodies in some of the animals, but these were specific for residual casein. We suggest that it may 
_ be possible to produce a non-sensitising baby milk without casein based on heat-denatured whey. 

The nutritional quality could be preserved by removing low molecular weight nutrients before heat 


treatment and adding back appropriate quantities later. 


Heat treatment is an indispensable element of 
liquid milk processing technology and its principal 
role is to ensure the bacteriological quality. In baby 
milk formulae it may have another beneficial effect 
in that, by denaturing the milk proteins, it may 
reduce the capacity to evoke allergic reactions in 
susceptible infants. However, heating can adversely 
affect nutritional quality and the baby milk 
manufacturer has a duty to ensure that any such 
deterioration is reduced to a minimum, since the 
infant relies wholly or largely on this single food. 

The work of McLaughlan et a/.1 shows that severe 
heat treatment of milk reduces its capacity to 
sensitise guinea-pigs when administered orally and 
that certain baby milks that have been heat treated 
during manufacture exhibit reduced  sensitising 
activity. McLaughlan ef al. argue that heat treatment 
may have no serious harmful effect on nutritional 
value apart from some destruction of heat-labile 
vitamins, notably vitamin C, and that these can 
easily be added. Thus they suggest that manu- 
facturers of baby milks ‘need not strive to apply as 
little heat as possible to their products’. 

In this paper we examine the effects of graded 
heat treatments of milk and whey on nutritional 


quality, protein denaturation, and the capacity of the 
products to evoke antibody production and 
anaphylactic sensitisation when administered to 
guinea-pigs orally. The nutritional consequences of 
heat treating milk are discussed and a possible 
strategy for producing a non-sensitising baby milk 
formula is proposed. 


Materials and methods 


Skimmed milk. This was prepared from combined 
evening and morning milk from Fresian cows. 


Whey. Clisi whey (60 1) was centrifuged at 6900 g 
in a disc bowl centrifuge to remove residual casein 
and fat and pasteurised at 65°C for 30 min. It was 
then subjected to diafiltration to reduce the 
concentration of low molecular weight solutes 
(MW <5000) 30-fold; this prevented serious pre- 
cipitation of protein during subsequent heat 
treatment. The protein concentration was finally 
adjusted to its original value. 


Heat treatment. Bottles of skimmed milk and dia- 
filtered whey were heated in flowing stearn at 100°C 
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for 30 min, or autoclaved at 115°C for 30 min, or 
at 121°C for 20 min. After cooling, the bottles were 
stored at 4°C until required for feeding. 


Animals. Male Dunkin Hartley guinea-pigs 
(Greystone Guinea Pigs, Ringwood) were used for 
feeding experiments when they were 4 or 5 weeks old. 
Animals of the same strain served as recipients in 
the passive cutaneous anaphylaxis (PCA) test. The 
guinea-pigs were maintained on batches of FDI 
diet (Labsure, Poole) that had been shown to be 
milk free by immunological testing. 


Feeding experiments. Groups of 5 guinea-pigs were 
given heated or unheated skimmed milk or whey to 
drink for 2 weeks (each animal consumed about 
100 ml a day). The milk was then replaced with 
water and 9-11 days later blood samples were taken 
by cardiac puncture. The next day the animals were 
tested for systemic anaphylaxis by injecting intra- 


_ venously 0-5 ml of lightly centrifuged milk or whey. 


Antibody measurements. Serum antibodies (IgG and 
IgG1) to individual milk proteins were determined 
by an enzyme-linked immunosorbent assay (ELISA)? 
Alpha-casein was obtained from Sigma Chemical 


Co and the other milk proteins were gifts from 


colleagues. Reaginic antibodies, thought to be IgG1, 
were determined by PCA. Guinea-pigs were injected 
intradermally with 0-1 mi of test serum followed 
44 hours later by an intravenous injection of 2-5 mg 
milk protein and 5 mg Evans’s blue in 1-0 ml saline. 
Skin reactions were measured 30 min later. 


Determination of vitamins. Ascorbic acid was 


measured by the method of Deutsch and Weeks,’ . 


and B-complex vitamins by standard assay pro- 
cedures or modifications described by Buss et al.* 


Biologically available lysine. Available lysine was 
measured by treating the sample with o-methyl- 
isourea (MIU-reactive lysine) and by a second 
method using sodium borohydride. These tech- 
' niques are critically evaluated by Hurrell and 
‘Carpenter.5 


Lactulose. This was assayed by an enzymic 
procedure.® 


Determination of milk protein denaturation. De- 


naturation of B-lactoglobulin, - a-lactalbumin, 
Gq -casein, and x-casein in heated skimmed milk 
‘and whey was determined by immunoassay of 
residual native protein. Dilutions of test samples 
were mixed with limiting quantities of specific 
antisera and the antibodies remaining unbound 
were measured by ELISA. 


Serial 4-fold dilutions of heated and unheated 
skimmed milk or whey were mixed with equal 
volumes of rabbit antisera (anti-a-lactalbumin, 
1 : 1000; anti-B-lactoglobulin, 1 : 20000; anti-«,,- 
casein, 1:8000; anti-a-casein, 1:32000) and 
maintained at 4°C overnight. Microtitre plates 
(Dynatech M29) were coated by treatment with 
purified milk proteins (100 ng or 1 pg/ml) and then 
washed and treated overnight at 4°C, first with 
200 ul of milk-antibody mixture and then with 
200 ul of alkaline phosphatase goat anti-rabbit - 
IgG conjugate (Miles Laboratories) diluted 1 : 6000. 
After a final wash, 200 ul of disodium nitrophenyl 
phosphate solution (1 mg/ml) was added to all 
wells and the optical density (OD) at 405 nm 
measured after 30 min at room temperature. 

For each milk protein, ODs (duplicate assays) 
were plotted against log} dilutions of milk or whey. 
Heat denaturation was reflected in progressive 
displacement of the assay curves and some change 
in their shape (Figure). An OD of 0-8, in the middle 
range of the curves, was chosen for assessing the 
degree of displacement. The percentage of un- 
denatured protein remaining after heat treatment was 
obtained from the formula: (dilution of heated 
sample giving OD 0-80/dilution of unheated 
sample giving OD 0-80) x 100. 


Results 


Nutrient composition of unheated and heated skimmed 
milk. The effects of heat treatment on nutrient 
composition are shown in Table 1. Autoclaving at 
121°C caused perceptible browning of the milk, 
21% loss of available lysine, and a concomitant 
increase in lactulose to 166 mg/100 ml (compared 
with a value of zero in raw milk). The content of 
ascorbic acid fell sharply by 72%. Levels of thiamin 
and vitamin B6 fell progressively with increasing 
severity of heating to much the same extent; 
autoclaving at 121°C caused a loss of about -60%. 
Loss of vitamin B12 was 86% after steaming for 
30 min, and was nearly complete after autoclaving. 
The loss of folate was greatest (44°) after steaming 
for 30 min. The more severe heat treatments caused 
appreciably smaller losses.. 

There was little or no loss of riboflavin, nicotinic 
acid, or pantothenic acid. 


Heat denaturation of the major proteins in milk and 
whey. The Figure shows displacement of the assay 
curves for «a-lactalbumin in heated milk. Results 


obtained from these curves and from similar assays 


for the other proteins are shown in Table 2. Beta- 
lactoglobulin and «-lactalbumin were extensively 
denatured by the mildest heat treatment. In contrast, 
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direction was observed for «-lactalbumin heated to 
100°C, 


Anaphylactic sensitisation and antibody production in 
guinea-pigs given heated or unheated skimmed milk 
to drink for 2 weeks. Heating had very little effect 
on the capacity of milk to sensitise the animals for 
fatal systemic anaphylaxis (Table 3). Furthermore, 


ND = not determined. Numbers in brackets show percentage relative to the value for unheated mlk. 


Table 1 Influence of heat treatment of skimmed milk on its content of available lysine, lactulose, ascorbic acid, and vitamins of the B-complex 


EE s total IgG antibodies to ß-lactoglobulin and the 
jiz caseins, measured by ELISA, were only slightly 
lower in animals given severely heated milk than in 
: those receiving raw milk. However, (#-lactoglobulin 
ZIL ~~ antibodies of the IgG1 subclass, appeared to be 
= 2% B SE preferentially depressed in the groups receiving 
|$ k |o z oo t heated milks. The PCA test failed to show antibodies 
È to whey proteins in animals given heated milk and 
AE was negative for antibodies to casein in the majority 
$ : JA of animals given the two most severely heated milks. 
3 ~ RR It was therefore a less sensitive indicator of 
~S]S&]aZeR anaphylactic sensitisation than direct intravenous 
F 4 g challenge. 

= Lo) 
` $ a a Anaphylactic sensitisation and antibody production 
S? HEE in guinea-pigs given pasteurised or more severely 


heated whey to drink for 2 weeks. Guinea-pigs given 
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Table 2. Residual undenatured protein in heated skimmed milk and whey (%) 


Heat treatment B-lactoglobulin 








a-lactalbumin 





Milk 
100°C 30 min 2-3 1-4 
115°C 30 min 1-2 0-18 
121°C 20 min 0-93 0-086 
Whey 
Pasteurisation only 100 100 
100°C 30 min 0-16 2-9 
115°C 30 min 0-075 0-18 





Os y-casein K-casein 

130 100 

320 100 

540 100 
0-40 0-11 
0-20 0-093 
0-27 0-085 


Table 3 Anaphylaxis and antibody production in guinea-pigs fed unheated or heated skimmed milk 


Fatal anaphylaxis 


Sera giving positive PCA reactions 


Serum antibodies (mean IgG titres +SD) 














Heat on IV injection of ———________— — ——— ——__________. 
treatment milk fed* To B-lacto- To «-lact- To -casein To K-casein To B-lacto- To a-lact- To a-casein To K-casein 
globulin albumin globulin albumin 

None 5/5 5/5 3/5 5/5 0/5 5:2+1-6 Negative 8-1+1-7 4-1+41-8 
(5-8+1-6)T 

100°C 30 min 5/5 0/5 0/5 4/5 0/5 5-5+0-4 Negative 7-8+1-1 5-7+2-0 
(3-4+0-5)t 

115°C 30 min 4/4 0/5 0/5 1/5 0/5 4-240-8 Negative 6-7+0-7 4-8+1-5 
(0-7+0-6)* 

121°C 20 min 4/5 0/5 0/5 1/5 0/5 4-2+40-7 Negative 5-6+42-3 3-9+1-7 
(2-0+41-4)* 


* Animals on milk-free diets were unaffected by intravenous (IV) injection of heated or unheated milk, tresults in brackets show IgGl anti- 


bodies. 


Serum antibody titres (doubling dilutions from 1 : 20) were determined by ELISA; sera from animals that had not received milk gave negative 


results when tested against the four milk proteins. 


Table 4 Anaphylaxis and antibody production in guinea-pigs fed pasteurised or more severely heated whey 


Heat treatment Fatal anaphylaxis on injection 


Sera giving positive PCA reactions 


Serum antibodies (mean IgG titres4-SD) 











after 
pasteurisation Of whey fed Of unheated To B-lacto- To a-lact- To a-casein To B-lacto- To a-lactalbumin To a-casein 
skimmed milk globulin albumin globulin 
None 3/3 NT SIS 5/5 0/5 7-640-9 0-2+0-4 1-8+1-3 
(1/5 positive) 

100°C 30 min 0/5* NT 0/5 0/5 0/5 Negative Negative 1-1+1-1 
(4/5 positive) 

1150C 30 min NT 0/5* 0/5 0/5 0/5 Negative Negative 0-3+0-7 
(1/5 positive) 

NT = not tested, PCA = passive cutaneous anaphylaxis. 


* No sub-lethal anaphylactic reactions. 


Animals that’ had not received whey in their diets were unaffected by 


intravenous injection of pasteurised or severely heated whey. Serum 


antibody titres (doubling dilutions from | : 20) were determined by ELISA; if only a proportion of animals in a group gave positive results this 


is shown in brackets. 


pasteurised whey were sensitised for fatal anaphylaxis 
and gave positive results in the PCA test against 
6-lactoglobulin and g-lactalbumin (Table 4). The 
ELISA showed high titres of IgG antibodies to 
6-lactoglobulin and trace levels to casein. Antibodies 
to -lactalbumin were detected in only one animal, 
but we believe that for technical reasons this assay 
was slightly less sensitive than the others. 

Animals given pasteurised whey that had received 
additional heat treatment did not show anaphylaxis 
after intravenous injection of either heated whey or 
unheated milk and gave negative results in the PCA 
test. Trace levels of IgG antibodies to -casein were 
detected by ELISA in some of the guinea-pigs. 


Discussion 


There are two main questions. Firstly, how does 


heating affect the nutritional quality of cows’ milk 
and how necessary is it that manufacturers of baby 
milks should minimise the heat treatment applied to 
their products? Secondly, is it possible to heat 
denature milk proteins so as to make them non- 
immunogenic and would it be worthwhile in the 
manufacture of infant milk formulae? 


Nutritional considerations. Severe heat treatment of 
milk caused substantial loss of several vitamins: 
thiamin, vitamin B6, ascorbate, folate, and vitamin 
B12. The dehydro form of ascorbate, which is 
produced on heating milk, is involved in a variety 
of oxidative browning reactions and in the destruc- 
tion of folate and vitamin B12.78 However, 
destruction of these last three vitamins can be 
prevented by removal of dissolved oxygen from 
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the milk, a procedure used in the preparation of 
some ultra heat-treated milk. : 

Ascorbate can easily be added to heat-treated 
milk.and this is necessary anyway because the level 
in human milk is more than twice that in cows’ milk, 
but replacement or supplementation of folate is less 
straightforward. Folic acid is generally used for 
this purpose but folate in milk is in the form of 
‘5N-methyl-tetrahydrofolate and folic acid may be 
less biologically available, if not positively harmful.® 

Considerable loss of vitamin B6 occurred during 
heat treatment. The mechanism is not well under- 
stood-but probably involves the binding of pyridoxal 
to protein to form e-pyridoxyllysine, a product 
known to exhibit anti-vitamin B6 activity in rats.!° 
So, although vitamin B6 is abundant in cows’ milk 
it would be unsafe to assume that its partial loss on 
heating is of no nutritional consequence. 

Heat treatment at 121°C caused marked browning 
and reduced the available lysine content by 21%. 
Human and bovine milk protein contain similar 
quantities of lysine so this reduction may appreciably 
impair the protein nutritional quality of the milk. 
Loss of lysine occurs through its interaction with 
reducing sugars in the Maillard reaction to form 
biologically unavailable deoxyketosyl derivatives. 
It has been suggested that early products of the 
Maillard reaction may exacerbate milk allergic 
reactions in susceptible subjects“ Advanced 
Maillard reactions, which cause browning, reduce 
the availability of other amino-acids and may have 
additional undesirable consequences for nutrition 
(see reference 12 for a review). 

Another product formed during the heat treatment 
of milk was lactulose, a disaccharide derived from 
lactose. It is poorly absorbed from the gut and 
ferments in the colon to form acetic and lactic 
acids. It is known to have a laxative effect and there 
is evidence to suggest that lactulose in sterilised 
liquid baby milks may prolong diarrhoea in babies 
recovering from gastroenteritis.1% 

Some degree of heat treatment during the 
manufacture of formula feeds is clearly necessary 
but from a nutritional standpoint it should be no 
more severe or prolonged than is required to ensure 
bacteriological quality. 


Immunological considerations. The value of 
experiments in guinea-pigs in predicting the 
allergenicity of foods for man is uncertain. Guinea- 
pigs were chosen because they respond readily to 
food protein antigens newly introduced into their 
diet by becoming anaphylactically sensitised and 
producing high levels of antibodies in the serum. 
Our finding that heat treatment almost completely 
abolished the sensitising capacity of whey provides, 


if not a reliable prediction for man, at least a logical 
starting point for clinical investigations. - 

It has long been known that whey proteins are 

easily denatured by heat but that casein is highly 
resistant. The three-dimensional structure of 
B-lactoglobulin and a-lactalbumin becomes dis- 
organised through cleavage of hydrophobic bonds, 
rearrangement of disulphide bridges, and aggrega- 
tion, whereas casein has neither secondary nor 
tertiary structure and is not so easily modified. 
Re Heat treatmentZat 100°C caused more severe 
denaturation of £-lactoglobulin in: diafiltered whey 
than in skimmed milk and there was a slight trend 
in the reverse direction for «-lactalbumin heated to 
100°C. These observations are consistent with 
kinetic studies. showing that changes in the 
concentration of total solids in whey have opposite 
effects on the rates of thermal denaturation of the 
two proteins.“ Kappa-casein was unaffected by 
heat whereas a,.-casein showed an increased 
capacity to bind specific antibodies. This apparent 
anomaly may reflect changes in the accessibility of 
antigenic determinants within casein micelles. 

The results show that severe heating destroyed the 
anaphylactic sensitising capacity of B-lactoglobulin 
and a-lactalbumin and reduced that of casein. They 
are therefore in general agreement with previous 
findings. 451’ That antibody production to casein 
was reduced at all seems to conflict with the 
observation in our serological test that heating 
increased the antibody binding capacity of as 
casein. The immune response in the guinea-pigs 
depends on absorption of undigested antigens from 
the gut and it is conceivable that casein in heated 
milk may have been less well absorbed than casein 
in raw milk. 

Animals drinking heated milk produced IgG 
antibodies to -lactoglobulin, detected by ELISA 
but not PCA. This was so even though undenatured 
B-lactoglobulin was present at only 1-2% of its 
concentration in unheated milk. Production of the 
IgG1 subclass seemed to be more susceptible to this 
reduction in antigen dose. Animals given heated 
whey, in which #-lactoglobulin was more severely 
denatured, failed to produce antibodies. to ß- 
lactoglobulin or g-lactalbumin and were not 
anaphylactically sensitised, although some developed 
trace levels of antibodies to residual casein. 

Diagnosis of cows’ milk allergy in babies is often 
unsatisfactory and assessments of its incidence, 
generally 1-2°%,18 are based on recognition of overt 
or fulminant forms of the disease. But milk allergy 
may have wider significance in infantile atopic 
eczema.?® Exclusive breast feeding has reduced the 
incidence of atopic disease in some studies% 2 but 


wan 
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the matter is controversial**-*“ and it is not clear 
whether the benefits of breast feeding acrue from 
avoidance of cows’ milk antigens or from a 
protective propensity of mother’s milk. Breast 
feeding is best for most babies but artificial feeds 
must be available and a non-sensitising prep- 
aration would be especially valuable for infants 
with suspected milk allergy or for those considered 
to be at risk. The latter category would include 
infants with a family history of atopic disease, 
babies recovering from acute infective enteritis and, 
possibly, preterm babies under intensive care. Our 
data suggest that it may be feasible to produce a 
non-sensitising formula based on heat-denatured 
whey proteins without casein. 


Conclusion. Breast milk offers an optimal array of 
nutrients and protective factors and the artificially 
reared baby is already at a disadvantage in being 
given a poor facsimile. We feel that it would be 
unwise to apply severe heat treatment in- 
discriminately in the preparation of baby formulae 
for it would degrade nutritional quality in an 
uncontrolled manner and, because of the stability of 
casein, would be unlikely to abolish antigenicity. 
It may be possible to prepare a non-sensitising 
formula based on heat denatured whey proteins. 
To achieve optimal immunological benefits and 
nutritional quality low molecular weight solutes 
should be depleted before heat treatment. This would 
minimise Maillard damage and secure maximum 
denaturation of §-lactoglobulin. To restore 
nutritional quality it would be necessary to add back 
carbohydrate, vitamins, and minerals in suitable 
proportions. 


We thank Mr G R Andrews for help in preparing 
the whey and for the measurements of lactulose; 
Mr J D Edwards-Webb for assaying ascorbate; 
Dr R L J Lyster for the gift of antisera and purified 
whey proteins; Dr A T Andrews for providing 
«-casein; Dr D Knight for amino-acid analysis. 
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Plasma 25-hydroxyvitamin D and rickets in infants 
of extremely low birthweight 


N MCINTOSH, A LIVESEY, AND O G BROOKE 
Department of Child Health, St George’s Hospital Medical School, London 


SUMMARY Rickets is now a well-known entity in infants of very low birthweight. In a l-year period 
(1981) 8 of 15 neonatal survivors whose birthweight was less than 1000 g (extremely low birthweight) 
developed rickets despite high supplementation with ergo-calciferol, 2000 units a day. At the time of 
radiological diagnosis their postnatal age was 8 (range 5-14) weeks, and they all had normal or 
high plasma concentrations of 25-hydroxyvitamin D (mean 80 nmol/l, range 40-160 nmol/l). 
Although 4 infants received alfacalcidol which healed the rickets, in 4 infants the rickets healed 
spontaneously without change in treatment. The results suggest that inadequate vitamin D supple- 


mentation is not the cause of rickets in such infants. 


The incidence of rickets in infants of low birthweight 
may be as high as 32 °%.! ? Spontaneous rib fractures? 
and late onset respiratory distress‘ may lead to 
significant morbidity in this fragile group of babies. 
The aetiology of the condition is unclear. Although 
calcium® and phosphorus substrate deficiency® have 
both been postulated, many people consider that 
inadequate vitamin D intake’ or metabolism is more 
likely to be the cause. Hillman and Haddad* found 
inadequate 25-hydroxylation of vitamin D in the 
liver of the preterm baby but Wolf et al.? found that 
25-hydroxylation was possible after 32-34 weeks’ 
gestation. Seino et a/.'° postulated a problem of 
l-x hydroxylation in the kidney and Glasgow and 
Reid!! were able to heal the rickets with alfa- 
calcidol. The aim of our study was to determine the 
incidence of rickets in babies less than 1000 g nursed 
in our unit and to establish whether insufficient 
vitamin D intake was the cause. 


Patients and methods 


During 1981, 29 babies weighing less than 1000 g at 
birth were admitted to the neonatal unit at St 
George’s Hospital. Two infants, born on site, had 
lethal malformations and were not offered intensive 
care. Of the 27 remaining infants 15 (56%) survived 
for at least 28 days, only 1 of these subsequently 
dying after surgery for intussusception at age 9 
weeks. 

Eight (53%) cases of rickets occurred in the 15 
neonatal survivors. The median weight was 840 
(range 700-990) g and median gestation 27-5 
(range 25-28) weeks. All infants were appropriate 


weight for gestation, and the racial origin was similar 
to general admissions to the neonatal unit (5 white, 
| African, 1 Indian, 1 West Indian). The diagnosis of 
rickets was established radiologically by an inde- 
pendent radiologist at a mean age of 8 (range 5-14) 
postnatal weeks on the basis of cupping and fraying 
of the epiphyses with splaying of the ends of the 
shaft of the radius. 

All infants developing rickets had received 2000 
units of vitamin D daily from age 7 days (1600 units 
of ergo-calciferol and 400 units in a multivitamin 
preparation). All infants were initially fed on 
expressed breast milk, either fresh from the mother 
or, if from a donor, generally pasteurised. Five 
infants received only expressed breast milk. One 
3-week-old infant was changed to Prematalac because 
of hypoproteinaemic oedema and 2 others were 
changed to Prosobee at age 8 weeks (rickets was 
evident before this change was made). The maximum 
volume of milk was 220 ml/kg a day. No 
supplementary calcium or phosphorus was given. 

The clinical problems of these babies are shown in 
Table 1. Levels of plasma calcium, phosphorus, and 
alkaline phosphatase were measured regularly, about 
fortnightly, and wrist x-ray films were performed if 
the alkaline phosphatase levels were greatly raised. 

Plasma calcium,!? phosphorus,'® and alkaline 
phosphatase!* were measured using our standard 
laboratory autoanalyser methods (Technicon AA II). 
When rickets was diagnosed, plasma 25-hydroxy- 
vitamin D was measured by competive protein- 
binding assay.!° 

At the time of diagnosis 4 infants were moderately 


848 


wa 


Plasma 25-hydroxyvitamin D and rickets in infants of extremely low birthweight 849 


Table 1 Rickets in 8 infants of extremely low 
birthweight 


Clinical conditons Number of infants 





Respiratory distress syndrome 
Patent ductus arterioxus 
Ventilation (more than 7 days) 
Intravenous feeding (more than 7 days) 
Regular treatment with frusemide 
Regular treatment with bicarbonate 
Chest infection 

Bronchopulmonary dysplasia 
Subgiottic stenosis 

Jaundics of intravenous feeding 
Gut problems (intussusception) 
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Table 2 Biochemical findings at diagnosis of rickets 
in 8 infants of extremely low birthweight 


Mean Range 
Calcium (mmol/l) 2-32 2.05-2.57 
Phosphate (mmol/l) 1-13 0-4-1-7 
Alkaline phosphatase (U/D 919 552-1215 
25-hydroxyvitamin D {amol/D $0 40-160 





Conversion: SI to traditional units—calcium: 1 mmol/l =4 mg/100 ml; 
phosphate: 1 mmol/]l~w3-09 mg/100 mi; 25 hydroxyvitamin D: 
1 nmol/l ~0-04 ng/ml. 


ill with respiratory problems and although these 
were not considered to be primarily of rachitic 
origin it was thought prudent to change their 
vitamin D therapy to 0-33 ug alfacalcidol daily. 
The remaining 4 infants were observed without 
change in vitamin D therapy. 


‘Results ` 


The plasma concentrations of calcium, phosphorus, 
and 25-hydroxyvitamin D, and the activity of plasma 
alkaline phosphatase are shown in Table 2. Although 
the mean plasma calcium and phosphorus levels 
were in the normal range, 2 patients were hypo- 
calcaemic and'1 hypophosphataemic compared with 
our normal paediatric range. The alkaline phospha- 
tase activity ranged between 552 and 1215 U/l. Only 
one patient had isoenzyme fractionation which 
confirmed a predominantly bone pattern. The 
plasma 25-hydroxyvitamin D levels were either well 
within the normal range for our laboratory (20-150 
nmol/l) or high. The use of 1 alfacalcidol was associa- 
tedwith radiological improvement over about 3 weeks’ 
treatment, but the infants who had no change in 
treatment also showed radiological improvement. 


Discussion 
The incidence of rickets in this group of extremely 


low birthweight infants is higher than has so far been 
reported.! ? These infants generally had had compli- 


cated problems but despite very high-dose vitamin D 
supplementation developed rickets. We know of no 
other reports of the routine use of such high doses of 
ergo-calciferol. The implication that these infants 
were not vitamin D-deficient is confirmed by the high 
or high normal plasma levels of 25-hydroxyvitamin 
D. It has previously been suggested that the levels of 
plasma 25-hydroxyvitamin D are reduced in the 
preterm newborn. Hillman and Haddad? found 
that there was no increase with supplements until 
36 weeks’ gestation but Wolf et al? reported an 
increase at 32-34 weeks. In cases of rickets the 
plasma 25-hydroxyvitamin D levels have usually been 
reported as low? §?° but these authors have always 
used very much lower vitamin D supplements than in 
our study. It is possible that 1-« hydroxylation in the 
kidney is inadequate. Rowe et ai.,° Steichen et al.,*® 
and Chesney et al" have all shown high 1,25 

hydroxy D levels which suggests that renal hydroxy- 

lation is active in this condition. Alfacalcidol did 
appear to lead to healing of rickets in 3 out of 4 
cases, but in 4 others spontaneous healing occurred 
without change in vitamin D therapy suggesting that 
alfacalcidol treatment may not have been the 
cause of the healing. We have no evidence to favour 

or refute the hypothesis of Chudley et a/./4 that there 

is peripheral insensitivity to the action of 1,25 

dihydroxyvitamin D. There remains.the possibility . 
of substrate deficiency of either calcium or phosphate. 
It is highly likely that our high risk group were 
substrate deficient as the content of calcium and 
phosphorus in breast milk is very low.® Fat mal- 
absorption is also likely in these infants of extremely 
low birthweight and this will tend to exaggerate 
calcium malabsorption. To add to this substrate 
deficit, 3 of our babies were for quite a long period on 
the loop diuretic frusemide which is known to have 
a calciuric action. This has been considered of pos- 
sible importance by Chudley et al. as has associated 
sodium deficiency.4* Two of our infants at diagnosis 
had low plasma calcium levels and one a low plasma 
phosphorus. The spontaneous healing in the 4 babies 
without change in vitamin D therapy could be 
accounted for by the increase in oral intake as the 
general condition of the infants improved or by the 
cessation of the need for frusemide treatment. All 
our levels of alkaline phosphatase were raised but 
were much lower than those recently given by 
Kovar et al.” This is almost certainly accounted for 
by the more routine method of measurement by our 
laboratory and we feel it is worth stressing that 
Kovar et al?! used highly sensitive rate reaction 
methods for measurement of alkaline phosphatase 
which are not performed in most routine laboratories, 
and thus if one waits for such high levels, rickets may 
well be established. 
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We thank Dr I Brown for measurements of plasma 
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Oesophageal pressure measurements in ventilated 


preterm babies 


A GREENOUGH AND C J MORLEY 


Department of Paediatrics, Addenbrooke’s Hospital, Cambridge 


SUMMARY Oesophageal pressure measured with an air-filled, thin latex balloon on a 6 French gauge 
catheter can accurately measure intraoesophageal pressures in ventilated preterm babies. Intra- 
oesophageal pressures and intrapleural pressures are equivalent. Less than 10% of the applied 
positive ventilator pressure is transmitted to the oesophageal balloon and the intrapleural catheter 
(intercostal drain). The oesophageal traces show that ventilated babies breath independently of the 
ventilator. The largest deflections recorded from the oesophageal trace are from spontaneous 
inspiratory activity. During paralysis with pancuronium spontaneous respiration is inhibited, 
peristaltic waves are still recorded, and there is little transmitted pressure from the ventilator to the 


oesophagus or intercostal drain. 


Oesophageal pressure has been shown to reflect 
intrapleural pressure in spontaneously-breathing 
adults? ? and babies.* 4 Because of its accessibility 
the oesophagus has become the conventional place in 
clinical studies from which to assess intrathoracic 
pressure changes for determining dynamic lung 
compliance and thoracic gas volume. During 
normal breathing with compliant lungs, the intra- 
oesophageal pressure is slightly negative owing to 
the inherent tone in the diaphragm and intercostal 
muscles. With active inspiration large negative 
pressures are produced. Expiration is generally 
passive with the pressures returning to their baseline 
level; occasionally positive expiratory pressures can 
be produced by an active expiratory effort. 

About 14% of all newborn babies require 
ventilation in the first few days of life. There has been 
little scientific measurement of respiratory function 
in these babies because they are ill and very difficult 
to study or handle without adverse effects. In 
consequence the methods used for ventilation are 
based on skill, experience, and a knowledge of 
animal physiology, or on the study of older fitter 
babies. This, of course, may not be the same in ill 
preterm babies. Without an adequate knowledge of 
the pathophysiology of these babies the development 
of improved methods of treatment will lack a 
firm foundation. 

This study concentrated on the oesophageal 
pressure measurements found in very preterm babies 
with respiratory distress syndrome who needed 
respiratory support with positive pressure ventilation. 


In some cases the oesophageal pressures were 
compared with intrapleural pressures from inter- 
costal catheters used for draining pneumothoraces. 


Methods 


Thirty preterm babies were studied during the first 
2 weeks of life. Their gestational ages ranged from 
24 to 34 weeks. All of them were being treated with 
positive pressure ventilation either for respiratory 
distress syndrome or its complications. The ventila- 
tion was delivered by a time-cycled pressure limited 
Bourne Ventilator No 201 with a gas flow of 5 litres a 
minute. Uncuffed 3-0 mm nasotracheal tubes were 
used in all the babies. The ventilating pressure was ` 
measured by a side arm on the nasotracheal tube 
close to the baby with a Mercury M10 transducer 
range + 100 cm water. 

Oesophageal pressures were measured using a thin 
latex (0-05~0-075 mm) air-filled balloon 30x 6 mm 
which was firmly attached to the end of a 6 French 
gauge feeding tube. This was directly attached to a 
pressure transducer Mercury M10 range + 100 mm 
of water. It was placed through the mouth into the 
stomach, open to air, and withdrawn to lie in the 
lower oesophagus at a position 1 cm beyond the spot 
where the baby’s own inspiratory effort produced a 
negative pressure. This is similar to the technique of 
Milner eż al. In use the balloon contained 0-1-0-2 
mm air—that is, almost deflated, as in this condition 
the oesophageal balloon has been shown to reflect 
most closely local absolute pleural pressures.? When 
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a diagnostic chest x-ray film was. performed on the 
baby the balloon was left in place to confirm its 
position. Whenever possible the oesophageal pressure 
(Poe). was checked against the mouth/tracheal 
pressure (Pm) by briefly occluding the nasotracheal 
tube (airways) during spontaneous breathing.§ 
The Poe/Pm was generally between 95 and 102%. 
However on some occasions there was such a leak 
round the nasotracheal tube, shown by comparing 
inspiratory and expiratory volumes during artificial 
ventilation, that complete airways occlusion was not 
possible. 

All measurements were performed with the baby 
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drop of 0-1 mm of water/litre per second. Condensa- 
tion was not a problem because the apparatus was 
used inside a warm incubator. If there was a leak 
from the nasotracheal tube the expiratory volume 
was used as an estimate of the volume of gas entering 
the chest. The flow signal was measured by a Mercury 
M11 differential pressure transducer and integrated 
to volume by a Gould integrator (model 13-461 5-70). 
All the signals were recorded on a Gould rectilinear 
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holograph. Fig.2 Pleural pressure (upper trace), recorded from 
right to left, with negative pressures downwards. Below 
Results this is ventilator pressure, positive deflections upwards, 


their oesophageal pressure negative deflections downwards. 

, ; , The lower trace is the integrated volume signal. 
Fig. 1 shows recordings made ona baby of 29 weeks’ oats ty? represent periods of oesophageal peristalsis. 
gestation at age 24 hours, ventilated for the treatment  Pojnts‘B’r epresent augmented inspirations as shown 
of respiratory distress syndrome. It illustrates that by increased negative deflections in the oesophageal 
during artificial ventilation the baby continues to and pleural pressure traces during ventilator inflation. 
breath spontaneously and the oesophageal pressure 
recordings show the normal negative pressures that despite positive pressure ventilation of up to 
produced by spontaneous inspiration. It also shows 20 cmH,0 being applied to the trachea very little of 
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Fig.3 Oesophageal pressure (upper trace ) negative 
downwards, ventilator pressure (middle trace )—positive 
deflections downwards, pleural drain pressure lower 
trace—positive deflections downwards. 








this pressure is transmitted to the oesophagus. It 
was always less than 10% of the applied pressure in 
all the babies studied. The pressure transmitted was 
related to the size of the applied pressure. In Fig. | 
the ventilating pressure decreases from right to the 
centre of the diagram and then increases again 
towards the left. There is a critical pressure at 
which the applied pressure is transmitted to the 
oesophagus and this is about 12-5 cmH20. This level 
is dependent on the lung compliance—that is the 
stiffer the lungs the less pressure is transmitted to the 
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oesophagus. This failure of ventilator pressure being 
transmitted to the oesophagus is not an artefact of 
the technique of oesophageal pressure measurement, 
because recordings from intrapleural drains taken 
simultaneously confirm the accuracy of the oeso- 
phageal pressure recording. This is shown in Fig. 2 
which is recorded from a 1-9-kg baby made 90 hours 
after birth with the child on intermittent ventilation. 
A right-sided pneumothorax had been drained at 
48 hours of age. The intrapleural pressures from both 
the oesophageal recordings and the intercostal drain 
are very similar. The predominant oesophageal and 
pleural deflections are negative owing to spontaneous 
inspirations. For the four ventilated breaths shown 
there was no evidence of ventilator pressure being 
transmitted to either the oesophageal or pleural 
recordings. The positive pressures shown at ‘A’ were 
owing to peristalsis. Ventilator inflation provokes an 
augmented inspiration by the infant shown at ‘B’. 
Figs 3 and 4 show the effects of paralysing the baby 
with pancuronium on the oesophageal pressure 
recording. In Fig. 3 the baby was 48 hours old. He 
had been paralysed because he was thought by the 
clinicians to be fighting the ventilator and had a 
pneumothorax. There was minimal transmission of 
ventilator pressure to the oesophagus or pleural 
drain. Fig. 4 is from a 2-hour-old baby who was 
paralysed for similar reasons. There was little 
transmission of the ventilator pressure even though 
the oesophageal balloon system was sensitive enough 
to record pressures from the cardiac impulse of 
about | mm/H+0. In Fig. 5, taken from a baby of 
1-765 kg at 36 hours, a similar effect can be seen but 
this shows that positive pressures from peristalsis in 
the oesophagus are preserved despite pancuronium, 
as this muscle relaxant drug does not affect the 


Fig.4 Integrated volume signal 
(upper trace), oesophageal pressure 
i weini (middle trace), negative deflections 
an A| | upwards. In the centre of the trace 
Wit the sensitivity is increased 10-fold (1 
Te mm=0-S5mm)|H,O)—and this shows 
ventilator pressure is only minimally 
+ transmitted to the oesophageal 
balloon. When the baby is 
disconnected from the ventilator 
(extreme right of the trace) the 
oesophageal balloon system is 
sufficiently sensitive to record 
pressure changes caused by the 
cardiac impulse. 
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( of oesophageal 
contractions. They are, of course, not reflected in 
the pleural pressure recording. 


Discussion 


Oesophageal pressure. was shown to be similar to 
pressure swings recorded from pleural drains by 
Hustead and Avery,* on a single anencephalic infant 
and later by Dinwiddie and Russell.* It was also 
shown to correlate well with mouth pressure changes 
at airways occlusion during the measurement of 
thoracic gas volume by Milner eż al.5 who concluded 
that it was valid to use an oesophageal balloon 


system to measure changes in intrathoracic pressures. , 


Milner did however find that changes in oesophageal 
pressure tended to be smaller than concomitant 
changes in airways opening pressure by an average of 
20%. However in that study, a 5 French gauge 
catheter was used with an internal diameter of 1 mm 
and as pointed out by- Beardsmore ef al.® the 
frequency response at such a catheter is inadequate. 
Beardsmore et al.8 used a 6 French gauge catheter 
(internal diameter 1-4 mm) and were able to validate 
the use of Poes as a measure of pleural pressure 
using the occlusion test. 

More recently, Beardsmore et al.? have shown that 
there is no significant difference in the pressure 
changes measured at the different positions in the 
oesophagus although measurements were more 
reproducible at the diachragmatic end. However 
care was taken in this study to position the balloon in 
the lower third of the oesophagus. Mead et al 
showed by comparing oesophageal pressure with 
the pleural pressure measured from catheters 
introduced in the intrapleural space that the best 
correspondence between the two was in the upright 
position rather than measurements taken lying down. 
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Fig.5 Oesophageal pressure (lower 
trace) positive deflections upwards, 
ventilator pressure (middle trace), postive 
. deflections upwards, pressure recording 
from intercostal drain, (upper trace) 
positive deflections upwards. This shows a 
component of oesophageal peristalsis 
persists despite the baby being paralysed by 


arts +20 pancuronium, which is not affected by 
pete ventilator inflation. The change in pressure 
EE | O at ‘A? is due to temporary disconnection 
EE -209 9f the transducer. 


However in this study we were able to show good 
correlation between the pressure swings from the two 
sites eyen though our babies were studied in the 
supine position. 

In the previous studies quoted the neonates were 
all breathing spontaneously. However in this study in 
4 infants with intercostal drains in situ we were able 
to show that despite artificial ventilation the oeso- 
phageal balloon reflected accurately the intrapleural 
pressure as recorded from the intercostal drain. 
The correlation is perhaps surprising as one would 
expect that the higher magnitude pressure changes 
caused by the ventilator would interfere with the 
oesophageal balloon. However, the results show that 
very little of the ventilator pressures are transmitted 
to the oesophageal balloon either in the spon- 
taneously breathing infant or in the paralysed state. 
This confirms earlier work by Stark et al.” who 
studied the effect of pancuronium on lung com- 
pliance. Stark explained this phenomenon as being 
due to the high compliance of the relaxed chest wall 
hence minimising the effect of lung volume changes 
on the oesophagus. Stark et al. went on to suggest 
that the chest wall compliance was greater in the less 
mature infants, such as those included in our study. 
However chest wall compliance is much higher than 
lung compliance in babies with respiratory distress 
syndrome and in both the paralysed and non- 
paralysed state must represent only minimal 
resistance to stretch by the ventilator compared with 
the lungs. This idea is supported by the fact that 
babies who are ventilated with normally compliant 
lungs require much lower pressures visibly to inflate 
the chest than infants with a similar gestational age 
with stiff lungs owing to respiratory distress 
syndrome and yet these infants have the same chest 
wall compliance as they are of the same degree of 
prematurity. Hence it would seem more probable 
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that lack of transmission of applied pressure is a 
function of the very low lung compliance rather 
than the high chest wall compliance. 
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Prune belly syndrome—report of 47 cases 


C R J WOODHOUSE, P G RANSLEY, AND D INNES-WILLIAMS 
St Peter’s Hospitals and The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY Forty-seven cases of prune belly syndrome in children born between 1948 and 1977 are 
described. They have been classified into three groups according to the state of the urinary tract in 
the neonatal period. The results achieved in these cases form the basis of our present management. 
In group l, the most severely affected, early death is inevitable. In group 2 the children are ill as 
neonates: high diversion is often required and later reconstruction may be possible. Group 3 patients 
are healthy as neonates and little reconstructive surgery is required. The prognosis in groups 2 and 3 
is good. Half the group 2 children and three-quarters of the group 3 children grew up normally with 
satisfactory renal function and health. It is important to establish free drainage of the urinary tract 
and avoid infection. 


The prune belly syndrome, in its pur2 form, com- 9 years, despite the fact that some of them had no 
prises complex malformations of the urinary tract, abdominal wall muscles. 

bilateral undescended testes, and aktsence of the In none was there a family history of the syndrome. 
anterior abdominal wall muscles. Examples are seen Two patients each had an unaffected male twin, one 
with abdominal wall muscles present to a varying of whom died 8 hours after birth from respiratory 
degree; such boys are called *pseudc-prunes’, but distress syndrome. One mother had a strong family 
this term must not be allowed io mislead as good history of an unspecified renal disease. 

muscles are not necessarily a sign of a good urinary There had been no particular problems in 
tract. A similar condition can be present in girls pregnancy or labour. One mother was hypertensive 
although it is rare, and obviously without the and another had taken thalidomide. 

undescended testes. 

In this paper we review 47 boys with :his syndrome 
(including 10 pseudo-prunes) born between 1948 and 
1977, and describe our present scheme of 
management. 


Other major congenital abnormalities were rare 


Patients and methods 


The notes of the 50 patients with the prune belly 
syndrome seen in these hospitals, born between 1948 
and 1977, were reviewed. Twenty-six cases were 
referred in the first year of life and 24 later. Thirty- 
two cases are still under our review and 6 others have 
died. Contact was made with the medical teams 
caring for the remaining 12, but adequate informa- 
tion was available for only nine. Our present 
management is based on the results achieved in the 
47 boys for whom there was detai ed follow-up 
information. 


Diagnosis 


l l l : . Figure Micturating cystourethrogram showing the 
The diagnosis was generally obvious a: birth, but in widely dilated posterior urethra with a fairly narrow 


9 boys it was delayed for between 2 months and anterior urethra. 
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and were not necessarily associated with severe 
urinary tract abnormalities. A universal mesentary 
was a frequent finding. Minor abnormalities 
especially of the bones and joints were common. 

The radiological appearances are variable and have 
been extensively described elsewhere.‘ ? It is essential 
to realise that, whatever the aetiology of the condi- 
tion, the very dilated and bizarre appearances of the 
urinary tract are not necessarily signs of obstruction. 
If obstruction is present, it is most often in the 
membranous urethra. The prostatic urethra is nearly 
always dilated, partly because of the incomplete 
prostatic development.* The remainder of the urethra 
shows a variable degree of narrowing (Figure). In 
severely affected patients it may be completely 
atretic. In milder cases it often appears to be of 
normal calibre and yet still inadequate for complete 
bladder emptying. The term ‘functional obstruction’ 
seems appropriate if the urethra produces more 
resistance than the weak detrusor can overcome.‘ 


Results 


The management and prognosis are dependent on 
the condition of the urinary tract at birth. We have 


_ found it useful to classify cases on the basis of renal 


function in the neonatal period (Table 1).° ù 


‘Group 1. The 5 patients in this group were all 
diagnosed and referred at birth. They were ill, 
oliguric, and serial plasma urea and creatinine 
estimations showed rapidly worsening renal function. 
Onehadapatenturachus. ~ 

High diversion was carried out but all died within 
a month. Six of 8 kidneys for which radiological 
information was available were non-functioning and 
2 were barely opacified. It seems likely that these 
children were born with insufficient renal tissue, and 
diversion did not improve the condition. 


Group 2. Thirteen patients presented as neonatal 
emergencies and are defined as group 2. Their 
kidneys excreted poorly on urography, often with 
only one side working. The collecting systems were 
grossly dilated and easily became infected. In the 
first few days of life the plasma urea concentration 
rose slowly. 


Table 1 Clinical classification of 47 cases of the 
prune belly syndrome 


Group Number 
of cases 
i Perinatal death, often with hypoplastic or 5 
atretic urethra 
2 Neonatal emergency presentation with 13 
infection and gross urinary tract dilatation 
3 Well in the neonatal period. Good renal 29 


function despite very abnormal radiology 
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High diversion was carried out in 12 cases. Both 
kidneys were explored and if there was any sign of 
functioning renal tissue a pyelostomy or a loop 
ureterostomy was performed. In 10 patients renal 
function was stabilised and in 6 reconstruction of the 
urinary tract was attempted although normal 
micturition and stable renal function were achieved 
in only three. 

The 13th case was domplicated by tuberculosis in 
mother and baby, his renal function was never 
properly stabilised, and he died in uraemia at age 14. 


Group 3. Most (29) patients were in group 3. They 
were well at birth and had stable renal function in 
the first few weeks of life. Intravenous urography 
showed the characteristically bizarre urinary tract 
but with good excretion. If there was obstruction in 
this group it was generally in the urethra. It was 
relieved endoscopically either by resection of a 
narrow ring (6 operations), or by full length urethro- 
tomy (14 operations). Formal urethroplasty was 
performed in one case. 

The posterior urethra was usually widé open, but 
in 6 cases it was not, and bladder neck Y-V plasty or 
resection was needed. 

Only if proper bladder emptying did not preserve 
or improve the upper tracts was Bpper tract surgery 


' considered. 


Virtually normal growth scenes unless there 
were other unrelated problems. Urinary infection 
frequently led to temporary deterioration in renal 
function. 


The boys in our series are now aged between 4 and 
34 years. Seventeen are into or past their pubertal 
growth spurt. The present results are shown in 
Table 2. 

During the growth spurt that accompanies 
puberty, the renal function remained stable. Urethral 
obstruction sometimes recurred or presented for the 
first time later in childhood and could be reversed by 
urethrotomy. Of the patients with renal com- 
plications, the condition of only 3 deteriorated as 
teenagers. 


Recommendations for management 


It should always be possible to make the diagnosis at 
birth. A combination of bilateral cryptorchidism 
with any disturbance of micturition or renal function 
should bring the diagnosis to mind. 

Management must be shared between the physician 
and the surgeon. The prune urinary tract . 
particularly susceptible to infection and so eee 
tions are best carried out at centres equipped to deal 
with the surgical consequences of the syndrome. 
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Table 2 Present condition of 42 group 2 and group 3 
patients with prune belly syndrome 


Condition No of patients 


Group 2 Group 3 
Healthy (normal levels of blood urea and 
creatinine, normal micturition, and 
negligible urinary infection) 
Healthy but with diversion 
Unsatisfactory 
Hypertensive 
Early renal failure and diversion 
End stage renal failure 
Renal calculi and psychiatric problems 
Postoperative respiratory arrest leading 
to brain damage 
Teratoma of the testis 
Died (in uraemia aged 14 years) 1 


Nw a t 
pwe pud pi AÈ 


p jt 


An early assessment -of renal function is now made 
by measurement of plasma urea and creatinine 
concentrations, chromium EDTA clearance, and 
DMSA scan. Urinary tract ultrasound, if possible 
before and after voiding, is the best measure of 
dilatation. Intravenous urography has disappointing 
results in the neonate although in the larger child 
does give valuable anatomical information. 

Rapid deterioration is still managed by high 
diversion to allow renal function to stabilise. If this 


fails to improve function the infant has insufficient 


renal parenchyma to support life. 

For the remainder it is essential to establish 
complete bladder emptying. Cysto-urethroscopy is 
performed under general anaesthetic and urethro- 
tomy is made if required. 

As the child grows renal function and urinary 
infection are closely watched. Renal function is 
remarkably good in these boys considering the poor 
material with which they are born. It is however, 
highly susceptible to infection and to even the modest 
increases in back pressure that their collecting 
systems can generate. Concentration defects and 
renal osteodystrophy will occasionally be seen. 
Bacteriuria is treated vigorously to prevent renal 
failure. Persistent infection is a sign of poor drainage, 
generally at urethral level, and surgical correction is 
required. 

In group 3 cases we follow a policy of minimal 
surgical interference. Chronically infected and 
poorly functioning kidneys which fail to improve 
with adequate drainage are removed. Apart from 
this, upper tract surgery is undertaken only for 
proved obstruction and after lower tract obstruction 
has been eliminated. 

In group 2 patients reconstruction of the urinary 
tract should be attempted before the boy goes to 
school. There must be some evidence of ureteric 
muscle activity for there to be any hope of success; 
we have found that tailoring of a wide aperistaltic 


tube does not restart peristalsis but leads to a 
narrow aperistaltic tube. 

The most pleasing aspect of this syndrome is the 
manner in which the boys develop: despite gross 
urinary tract abnormalities they grow normally. 
Unless other problems prevent it, they should go to 
normal schools and take part in the usual school 
activities. 

The absence of anterior abdominal muscles does 
not appear to be a handicap and is compensated for 
by other muscle groups. The only movement they 
cannot make is to sit up from the supine position; 
they must roll over to one side first. Support for the 
abdominal wall is not necessary. Three boys had 
abdominal plications: it did little to improve 
function or appearance and we no longer consider it 
necessary. Likewise, we do not use abdominal 
corsets. As the child grows, the wrinkled abdominal 
appearance is replaced by a premature ‘beer belly’. 


The testes 


By definition, the testes were always undescended. 
They were most commonly found just below the 
lower pole of the kidney. In patients with some 
abdominal muscle (the so called pseudo-prunes) they 
were lower and even in the inguinal canal. 

The diagnosis of prune belly syndrome should be 
reconsidered critically in any boy with normally 
descended testes. 

We have brought down testes at the same time as 
definitive ureteric surgery. If it had become clear that 
ureteric surgery would not be needed, generally at 
about 7 years old, orchidopexy was performed. 
Except with a very low testis, surgery involves 
division of the testicular artery, blood supply being 
maintained by the artery to the epididymis and a 
pedicle of peritoneum. 

Reasonable puberty has occurred in 12 boys. 
Although the prune testis is said to be a better organ 
than other types of cryptorchid,’ we have seen only 
one boy develop wide distribution of body hair and 
masculine muscles. No boy is known to have fathered 
a child. Testicular function is currently being 
investigated and the results will be preserited later. 

One boy who had married and had normal sexual 
intercourse, has developed teratoma of the testis.§ 
This experience must mean that a careful watch 
should be kept on the testes in this syndrome. 


Discussion 


The prune belly syndrome has been well described in 
all its forms.15®91° The cause of the congenital 
abnormality is not known, but it has recently been 
suggested that it is a 2-step autosomal dominant 


a, 


mutation with sex-linked expressions, partially 
mimicking X-linkage.“ 

We do not agree with the view that it is a non- 
specific response to massive abdominal distension in 
utero. In group 1 cases the urachus is often patent 
and so bladder distension will not occur. Likewise in 
group 3, many patients have no evidence of urethral 
obstruction at birth. Radiographic and cystoscopic 
appearances in boys with severe obstruction from 
posterior urethral valves are quite different from 
those of the prune belly syndrome. 

In one case reported by Smythe a male fetus with 
idiopathic intrauterine abdominal and bladder 
distension was: born with apparent prune belly 
syndrome./? However, the boy was physically and 
radiographically normal at one year which suggests 
that distension alone does not cause the syndrome. 

The stagnant urinary tract of the prune belly 
syndromeis prone to infection leading to septicaemia, 
especially in infancy. Throughout life two objectives 
are paramount: to establish free drainage of the 


_urinary tract and to keep it clear of infection. Success 


in the first objective is the most important step in 
the achievement of the second. 

Because the syndrome is rare, few centres have 
seen enough cases to appreciate its broad spectrum. 
As a result considerable controversy remains about 
the management. Some surgeons advocate an 
aggressive approach, aiming for complete correction 
of the urinary anomalies, 4-8 while others prefer a 
more conservative approach. 17 

The prognosis ultimately depends on the condition 
of the kidneys at birth. Classification based on 
neonatal urinary tract function is reasonable 
and has allowed a more rational approach to 
management. 

Group 1 patients have a hopeless prognosis. 
None the less few surgeons would be willing to stand 
by and do nothing but will attempt a high diversion. 

Group 2 patients are born with poor kidneys but 
with the potential to support life. Early drainage of 
the kidneys by high diversion is generally essential. 

Later reconstruction of urinary tracts may be 
possible. We have attempted it rather late and the 
results have been disappointing. The case for earlier 
reconstruction now seems strong.18 

In the group 3 patients, we were often surprised by 
the very good function that was produced by 
radiologically poor kidneys. These boys do well 
despite their huge bladders and ureters. We did not 
find aggressive reconstruction necessary.’ It is 
essential to establish complete bladder emptying at 
the start. Even in patients presenting late, renal 
function could be improved by establishing proper 
bladder emptying. Upper tract surgery was less 
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often indicated and was less rewarding, although 
upper tract deterioration could be halted. 

Boys in group 3 have a good prognosis for life 
and health, with a remarkably small handicap. Most 
have grown up normally and can compete with their 
peers. Seventeen have completed puberty and, with 
one exception, are mature and well motivated adults. 
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Family reactions and their management in a parents 
group with beta-thalassaemia 


J TSIANTIS, D XYPOLITA-TSANTILI, AND S PAPADAKOU-LAGOYIANNI 


Department of Psychological Paediatrics and Department of Paediatrics, Aghia Sophia Children’s Hospital, 


Athens, Greece 


SUMMARY The parents of children with $-thalassaemia displayed various patterns of emotion 
(guilt, death anxiety, denial of feelings) and their behaviour towards the child was inappropriate 
(overprotective, conspiracy of silence); this could affect his psychosocial development and lead to 
tension within the family. Some parents were overdemanding and even hostile to hospital staff, thus 
making the management of cases difficult. The therapeutic team has tried to concentrate on these 
problems in order to clarify them and give support to the families. This has facilitated communication 
within the family as well as between the family and hospital staff, and has diminished the problems. 


The child with $-thalassaemia is a chronically sick 
child who suffers from a severe chronic haemolytic 
anaemia necessitating treatment with transfusions 
for survival; his illness is a source of chronic stress to 
himself, to his parents, and to the rest of his family. 

It is estimated that scattered throughout Greece 
there are about 3000 families with children with 
%-thalassaemia. This constitutes a sizeable problem 
for the medical and psychosocial services (Ch 
Kattamis, 1981, personal communication). 

The chronically sick child and his family are 
likely to be affected psychologically.'~? Anxiety 
about the illness may lead to restriction of some of 
the child’s normal activities and prevent him from 
making friends. The parents’ attitude may result in 
over-protective behaviour or in open rejection. The 
child’s own feelings and reactions to his illness may 
affect his relationship with his siblings, with other 
adults, or with his parents. 

The prognosis for thalassaemic patients has now 
improved. This has been brought about by the 
application of frequent transfusions and, especially, 
by the early introduction and regular use of iron- 
chelating agents, and by the prevention of 
hemosiderosis. Consequently the average life 
expectancy for children has increased. Generally, 
the modern treatment and management of the 
disease has reduced the number of complications, 
the need for admission to hospital, and the time 
spent there. However, the treatment of such children 
is mainly on an outpatient or a day unit basis. The 
improvement in the prognosis of the disease has 
started gradually to affect the attitude of those 
concerned with the thalassaemic child, although it 


seems that %-thalassaemia is still considered to be a 
fatal disease. 

Experience in the transfusion clinic at Aghia 
Sophia Children’s Hospital where children who 
suffer from §-thalassaemia receive regular trans- 
fusions has shown the need for psychological support 
and management of the whole family of the sick 
child. We therefore initiated a programme using 
group therapy with the parents of children with 
3-thalassaemia. The aims of the programme were: 
(1) to demonstrate more explicitly the psychological 
burden that many families with §-thalassaemia 
experience; (2) to support and relieve, as far as 
possible, some of the families; (3) to develop a 
working scheme—a kind of liaison psychiatry—with 
the medical and nursing staff working with these 
families, aimed at increasing awareness of the 
psychological aspects of the problem; (4) to establish 
the scope and purpose of a more systematic research 
study on the psychosocial problems generated by 
the child and his family. 


Method and sample 


The original sample comprised 15 families, each with 
one child with $-thalassaemia. Such children were 
attending the outpatient transfusion department at 
least once a month. The families were chosen on the 
basis of their keeness to attend and their need for 
help. The multi-disciplinary team included a child 
psychiatrist, a psychiatric social worker, and a 
paediatrician. 

The parents and the team met once a fortnight for 
a year, and then, in response to parents for more 
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meetings, weekly for 2 years. The meetings generally 
lasted 2 hours. By the end of this 3-year period the 
original group of parents had more or less been 


- replaced by others. The group discussions were 


generally attended by mothers but sometimes 
fathers came too. 


Observations from the group work. The following 
four clusters of feelings and behavioural patterns 
were noted in the parents. 


Depression z 
Depression was generally masked, but sometimes 
overt. It is known that guilt accompanies depressive 
feelings but the guilt in these cases was strong and 
associated with self blame. Self blame was associated 
with the hereditary nature of the illness and the fact 
that the parents had transmitted the illness to the 
child. Such depressive reactions were prolonged and 
difficult to alleviate. Parents accused themselves 
incessantly and felt inescapably ‘omnipotent’ with 
regard to their own ‘bad’ and ‘poisonous’ blood 
which they had transmitted to their children. 

In some thèse depressive feelings were intense and 
seemed related to the parents’ own ambivalent 


. feelings about the child and to previous experiences 
, —such as a previous death or early deprivation.. 


In nearly every case the parents had not known that 
they were carriers of the trait. 


Death anxiety 

This was a prominent and recurrent subject in all the 
discussions. Anxiety about death is common in 
parents with a chronically sick child, but it was clear 
from these parents that such anxiety and fear of 
death was linked with the life expectancy of the 
child. 

It is interesting that even though the parents knew 
about the recent improvements in the prognosis, 
they still remained preoccupied with death. However 
a change in attitude is a slow process. We speculated 


that in a few cases death anxiety was associated with 


deeper psychological problems that could not be 
explored in the group. 


Denial of the problem and feelings 


‘Denial was shown by a number of parents. Some 


parents could not come to terms with the reality of 


‘the child’s illness and denied it altogether. It was as 


if the illness was a blow to their narcissistic needs 
and consequently to their self-image as good parents. 
The denial was in some cases an attempt to cover 
unconscious hostility towards and rejection of the 
child. Social factors were also concerned in the 
mechanisms of denial. These parents felt that a sick 
child was a demonstration of their failure, so that 


they were ashamed and tried even more vigorously 
to deny that there was anything wrong with the child. 


Conspiracy of silence 

This describes the situation whereby nearly every- 
body in the family, even the sick child, knew about 
the illness; they all experienced the burden of it, but 
nobody talked openly about it within the family. 
It seemed to be related with the average life 
expectancy of the child as well as -with other 
emotionally-charged situations—such as the frequent 
transfusions and the blood tests, the frequency of 
past complications leadirig to admission to hospital, 
and the sacrifices that the rest of the family had made 
for the sick child. In families with older children the 
parents’ dilemma was particularly difficult, because 
the children were likely to ask questions about the 
illness including its hereditary nature. The main 
factor that blocked the intrafamily communications 
seemed to be related to the hereditary nature of the 
condition. Often the children wanted to ask questions 
about the illness and to discuss their feelings and 
worries about it, but attempts were blocked by the 
half-truths and evasive answers that they received. 
Sometimes children themselves preferred not to ask, 
as a defensive mechanism. 

Such behavioural patterns and emotional mani- 
festations can affect the child in several ways. For 
example, the depression, guilt, and anxiety about 
death often forced the parents to be overprotective. 
They were unable to set limits and ended up by 
spoiling the child. Expectations from the child were 
also low. Obviously the emotional atmosphere and 
the care the child received did not help his psycho- 
social development, and'‘he remained immature and 
dependent on his parents; his socialisation was 
inadequate or defective, and academic achievement 
was quite often affected too. Denial of the problem — 
and their attitude to it made some parents over- 
ambitious for their child to succeed academically at 
school or to excel at sports. Such ambitions forced 
the child to deny his problems in an attempt to 
please. It also led to an emotional isolation and 
alienation because the child needed desperately to 
talk with his parents about his feelings. Furthermore, 
he needed to know the truth about what was wrong 
with him. The child’s isolation was made greater by 
the conspiracy of silence that blurred all communica- 
tions. Paediatricians and nursing staff often found 
themselves unwilling participants in this conspiracy 
of silence. 

These behavioural patterns and _ intrafamily 
relationships alternate from one to the other, and 
siblings and members of the extended family were 
often affected as well, leading to a vicious circle 


(Figure). 
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Figure Vicious circle of behavioural pattern. 


The family’s relationship with the rest of the 
community was affected, and the family tended to be 
socially isolated. They felt ashamed of the child’s 
condition and guilty about having transmitted the 
trait (or stigma*) that was equivalent to a social 
‘stigma’. Parents often expressed strong feelings 
about the child’s lack of colour or the other abnor- 
malities that are characteristic of the condition, 
especially if the affected child was a girl. Facial 
abnormalities were another factor that prompted 
the family to ‘hide’ the child for social reasons. 

Problems also arose with the child’s school. The 
children were often away from school and parents 
revealed in the group discussions that they did not 
want to explain to the teacher the reasons for the 
absence. Some had even asked the child to lie to the 
teacher, thus generating conflict within the child. 
Apparently this transaction is another manifestation 
of the conspiracy of silence and it illustrates the kind 
of double-blind situation the child is in. 


Inevitably the medical and nursing staff who were . 


working with these families were bound to find 
themselves in an emotionally-charged situation. 
The needs of these families were excessive. Anxiety 
and depression may permeate within a ward or 
within an outpatient transfusion department. Parents 
often projected their anger and guilt on to the 
medical and nursing staff and criticised the manage- 
ment of their children. Others tended to project their 
omnipotent feelings on to medical and nursing staff 
and expected ‘magic cures’, or blamed the doctors or 
nurses if something went wrong with the child. It is 
clearly easy to create problems in the management of 
such cases, and they can be particularly intense if 
the nursing and medical staff are not aware of the 
complexities of the parental feelings, and the 
reactions and ‘conflicts that can be generated within 
themiselves. Factors that also affected the manage- 
ment of the children were frequent staff changes 
(these disturb parents and children for obvious 
reasons), staff overburdened with work, and un- 
suitable layout of the transfusion department—such 
as lack of space and shortage of play areas. © 


* In Greek the word stigma means trait. 


Modes of intervention 


The group discussions enabled parents: (1) To 
identify the psychological problems generated in the 
family from the chronicity of the illness. (2) To meet 
other parents and exchange and share experiences 
and feelings. (3) To draw attention to inappropriate 
emotional reactions and clarify them. (4) To give 
information on the current knowledge of p- 
thalassaemia, including genetic counselling. 
(5) To encourage parents to use their own resources 
for self-health care. 

In a few cases it was necessary to refer a family-for 
more detailed assessment to the department of 
psychological paediatrics and to recommend 
individual counselling or psychotherapy of parents 
and the child. l 

The psychiatric team contributed greatly by 
collaborating closely with the medical and nursing 
staff and helping them to understand the complex 
inter-relationships of the biological, social, and 
psychological needs of the sick children and their 
families. The medical and nursing staff become more 
aware of their own reactions and feelings towards the 
complex needs of these families. 


Results 


During the 3-year period of this work the atmosphere 
in the transfusion department has become less 
charged, parents and children seem more relaxed, 
and there has been friendly co-operation with the 
medical and nursing staff. Parents are able to 
identify and clarify some of their feelings about the 
illnėss, and consequently their anxiety and guilt have 
been alleviated. We believe that in several cases we 
succeeded in breaking into the vicious circle and 
thereby helped the family to maintain better relation- 
ships. Similarly some parents and children were 
able to adopt a more realistic approach to the illness 
and plan the future. The working relationship 
between the child psychiatry team, the paediatricians, 
and the nursing staff has improved. We have now 
started group therapy with the children. The request 
came from the children themselves and there are now 
two groups with adolescents up to age 15 years. 


Conclusions and recommendations 


The need for psychosocial support of these families is 
imperative and it is necessary to provide a more 
comprehensive management of the child with 
thalassaemia that includes the somatic and psycho- 
social aspects of the condition. The same approach 
is also applied by others in thalassaemia (P Massallia 
et al., 1981, personal communication) as well as in 
other chronic or fatal conditions.” Liaison psy- 
chiatry is also an important concept and if suitably 
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applied can promote the total management of the 
chronically sick child. Italso seems that more research 
is needed in relation to the psychosocial aspects of 
the problem. Our own research programme aims at 
investigating in greater depth the psychological 
problems of children aged between 7 and 11 years 
by using a battery of psychological tests and semi- 
structured interviews. Recent improvements in the 
prognosis of thalassaemia should be taken into 
consideration and a great effort should be directed 
at informing society in general and the authorities 
in particular so that attitudes may be changed for 
thalassaemic patients, so that with proper medical 
treatment and psychosocial management they can 
cope better with the problems generated by their 
illness, and live useful and happy lives. 
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Asthma treatment with a new corticosteroid aerosol, 
budesonide, administered twice daily by spacer inhaler 


H V FIELD, P M A JENKINSON, M H FRAME, AND J O WARNER 


Brompton Hospital, Cardiothoracic Institute, London, and Astra Clinical Research Unit, Astra 
Pharmaceuticals Limited, St Albans, Hertfordshire 


SUMMARY In a double-blind crossover trial a new corticosteroid aerosol, budesonide, delivered by 
spacer inhaler twice daily, was found to be at least as effective in controlling childhood asthma as 
beclomethasone dipropionate administration four times a day. The twice daily dosage schedule of 
the new preparation offers considerable advantages for compliance with therapy in schoolchildren. 
Previous studies have shown that lung deposition of aerosol is increased by the use of a tube spacer 
between the pressurised aerosol inhaler and the mouth. This technique of administration may 


improve the efficacy of corticosteroids in the treatment of asthma. 


Attention has recently been focused on systems used 
to generate and deliver aerosols to the respiratory 
tract in the treatment of asthma. A hollow tube 
spacer between pressurised aerosol inhaler and the 
mouth enhances the bronchodilatation produced by 
terbutaline. So far this system has not been available 
for administration of steroid aerosols. A new topi- 
cally active steroid, budesonide, has been developed 
that can be delivered via the spacer inhaler. It has 
been shown in short-term studies to be as effective 
when administered twice daily to adults as beclome- 
thasone dipropionate (BDP) administered four 
times daily.2 We compared the efficacy of this 
preparation with BDP in a double-blind crossover 
trial in children with asthma. 


Patients 


Thirty-one children (12 girls and 19 boys) aged 
between 4 and 14 years were enrolled from a 
paediatric asthma clinic. Each had fairly severe 
asthma requiring regular inhaled steroid prophy- 
laxis. In 27 the condition had failed to improve 
‘ despite treatment with sodium cromoglycate: 10 had 
been admitted to hospital with exacerbations of the 
asthma in the last year and, of the 22 tested, 21 
had positive skin tests to common allergens. The 
condition of all improved on introduction of inhaled 
steroids and none had received oral or parenteral 
steroids in the month before the trial. 

Seventeen were taking the BDP by aerosol and 
14 by rotahaler, the mean period of use before the 
trial being 16-2 (range 1 to 48) months. 


Methods 


The children were randomly allocated to one of two 
treatment groups. The first took budesonide 200 ug 
twice daily and placebo BDP four times daily for 
one month, followed by placebo budesonide twice 
daily and BDP 100 ug four times daily for a further 
month. In the second group the order was reversed. 
The BDP was administered in the same form as used 
by the child before the trial. The budesonide was 
administered by pressurised aerosol with a spacer 
inhaler. All children were judged to use their 
inhalers adequately. 

Each child was assessed in the clinic before the ` 
trial and at the end of each treatment period. 
Evaluation was by clinical history, examination, and 
a flow volume curve before and after a dose of inhaled 
bronchodilator. The flow volume curves were re- 
corded using a Hewlett Packard digital pneumo- 
tachograph (model 47303A1) and an XY plotter 
(model 7041M) with one second time marker. The 
best of three curves was used to calculate forced 
expiratory volume in one second (FEV,), forced vital 
capacity (FVC), peak expiratory flow rate (PEFR), 
and expiratory flow rates at 50% and 25% of vital 
capacity (Vmax50 and Vmax25). Results were expressed 
as a percentage of expected for height.’ 4 

Each patient kept a diary card to record the sever- 
ity of night cough and wheeze, day wheeze, and 
exercise limitation on a scale of 0 to 3 (0 = none, 
1 = mild, 2 = moderate, 3 = severe). The number 
of extra doses of bronchodilator required and the 
twice daily PEFR measured on a Wright mini peak 
flow meter were also recorded. 
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_A short Synacthen test was used as a measure of 


adrenal function before and at the end of the trial. - 


At the same time a full blood count and differential 
white cell count, urea, electrolytes, creatinine, and 
liver function tests were done. ; 

The Wilcoxon rank paired test was used to com- 
pare the results from the two treatment periods on 
each patient. The trial had the approval of the 
hospital ethical committee and informed consent 


` was obtained from the parents. 


Results 

Thirty-one children entered the trial but 4 dropped 
out during the first month, two because they no 
longer wished to continue, and two because of acute 
exacerbations of asthma, requiring hospital ad- 
mission. One of each pair came from each treatment 
group. 

Of the 27 children completing the study, 15 used 
the pressurised aerosol and 12 the rotahaler prepara- 
tion of BDP. There were no significant differences in 
any evaluation bétween these two modes of delivery 
during the trial, and the results were therefore 
assessed together. 

. The FEV,, FYC, PEFR, Vmax50, and Vmax25 
measured at the end of each month showed no 
significant differences. The morning and evening 
PEFRs and diary card symptom scores for the 
second 2 weeks of each month were ccmpared and 
differences did not reach significant levels (Figure), 
although there was a consistent tendency towards 
greater benefit from budesonide (Table). Analyses 
took treatment order into account, and there was no 
significant difference between any 2-week period 
throughout the trial. 

All the routine blood tests were normal apart 
from an eosinophilia (>0-5x 10°/D in 15 patients. 
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Figure Circles represent differences in PEFR (% 
predicted), and absolute symptom scores between the 
last 2 weeks of each treatment, for each patient. 


There was no significant change in any parameter by 
the end of the trial. None of the basal cortisol levels 
measured at the beginning and end of the trial was 
subnormal (<150 nmol/l). Plasma cortisol responses 
to Synacthen did not alter significantly after drug 
treatment in either treatment group. There were 18 
normal responses on both occasions (increase > 190 
nmol/l); 5 marginally subnormal responses at the 
beginning of the trial, but normal at the end; 3 
normal on the first occasion, but not repeated; and 
1 child with a subnormal response at the end of the 
study (basal 500 increasing to 600 nmol/l). 

For the purposes of the trial the dose of BDP was 
doubled in 12 of the children; 8 of these showed an 
improvement in the flow volume curves while on the 
higher dose. 


Table Lung function tests and symptom scores measured daily at home or during clinic visits 





Measurements Budesonide 


No of patients BDP (meat 4-SD) No of patients 





(mean* + SD) > 10% better % 210% better 
o% with budesonide with BDP’ 
Daily (second 2 weeks) 
Mean moraing PEFR 90-3420-53 7 87-44-30-8 4 
Mean evening PEFR 93421-3 8 92°1+35-3 6 
Symptom score 13-64+16-5 9 17-2+19-3 6 
Clinic t 
FEV, 83-44:22-9 7 78-535425-1 6 
FVC 99:-7:+17-5 4 100-3417-7 4 
PEFR 82-0:-20-0 6 84-723 -2 7 
Vinax50 71-4425-6 12 66-6428 -6 6 
Vmax25 51-9424-5 12 47-6421-9 8 
Post bronchodilator 
FEV, 91:94-19-1 6 90:74:22.1 8 
FVC 104-7 414-3 4 104-3+19-1 5 
PEFR 91-0+19-4 5 92-3+427-4 6 
Vmax50 86:24:26.1 i! 83-5435-7 7 
Vmax25 63-4 4-28-5 13 60-7-4-26-3 6 


* All values apart from symptom scores are calculated as % predicted for height. 
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Discussion 


Steroid aerosol therapy has greatly improved the 
management of asthma ®® As budesonide is a new 
preparation of this type short-term efficacy and 
safety had to be established before longer trials 
could be performed. Budesonide was shown to be 
at least as effective as BDP in equal dosage, with 
most parameters showing a trend towards improve- 
ment with the new preparation. 

Several of the children were considered to be well 
controlled on suboptimal doses of BDP before the 
trial, but improved after increasing to a 4-times daily 
schedule; this is often impossible to maintain for 
long periods particularly» in children attending 
school and the twice daily dosage is therefore par- 
ticularly useful. The optimal dose frequency of in- 
haled steroid preparations in asthma has never been 
clearly established as duration of action is unknown. 
It bas been shown in an open crossover study that 
BDP in the same total daily dose was equally effec- 
tive if administered in a 2- or 4-dose a day regimen.’ 

Only 8-10% of the dose delivered by pressurised 
aerosols actually reaches the lungs of patients with 
obstructive airways disease. This percentage may be 
increased by about 50% using a spacer inhaler.® 
Furthermore, it has been shown that even if the 
inspiration is not co-ordinated with aerosol actua- 
tion, reasonable bronchodilatation can still be 
achieved using terbutaline delivered via an ex- 
tension device.!° This mode of delivery may also 
aid peripheral deposition in the respiratory tract.U 
One of the important effects of steroids in asthma is 
to inhibit the late reaction with occurs after allergen 
inhalation.’ This reaction is associated with 
prominent small airways obstruction, probably due 
to mucosal oedema and nonspecific infammation.'§ 
Thus placement of steroid medication in small air- 
ways may be important. A study comparing the 
same steroid aerosol administered with or without 
the tubespacer is required to test this hypothesis. 

We feel that, although this trial did not show a 
statistically significant advantage of budesonide 
compared with BDP, the favourable trends suggest 
that further, longer-term studies are needed, par- 


ticularly in view of the advantages of the delivery 
system and the twice daily dose schedule. 
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Secular change in birthweight of Asian babies born 
in Birmingham 


C L CLARSON, M J BARKER, T MARSHALL, AND B A WHARTON 


Sorrento Maternity Hospital, Birmingham, and Department of Social Medicine, University of Birmingham 


SUMMARY We have studied changes in the birthweight of Asian babies born alive at this hospital 
between 1968 and 1978. In 1978 Pakistani babies were 139 g heavier but Indian babies only 25 g 
heavier than 10 years earlier. Contributing to these changes were significantly fewer short mothers 
and primiparae among Pakistanis, and non-significant increases in gestational age and intrauterine 
growth (that is, weight centile after allowing for gestational age, parity, and maternal height). 
Among Indians there were significant increases in maternal height and gestational age, but parity 
was reduced and intrauterine growth did not increase. In both groups there were fewer teenage 
mothers, but whereas among Pakinstanis birth intervals of less than one year were less common, 
there was no such reduction among Indian mothers. The secular change suggests that genetic factors 
are unlikely to be the major reason why Pakistani babies born in Birmingham are lighter than Euro- 
pean babies, and that environmental factors play an important role. Efforts to increase birthweight 
need to consider both the mothers’ physical environment during pregnancy and prepregnancy 
factors influencing growth in childhood, age at first pregnancy, and birth interval. The study shows a 
need to describe an ‘Asian’ population with details of their sub-ethnic structure. The sub-ethnic and 
secular differences further suggest that a single ‘Asian’ standard for birthweight and intrauterine 
growth may be inappropriate; the use of international reference data with which all infants may be 


compared is preferable. 


Asian babies born in Asia have a high incidence of 
low birthweight'~? and Asian babies born in this 
hospital? and elsewhere in Britain® ® are on average 
lighter than European babies. As one approach to 
identifying programmes that might increase birth- 
weight, we have studied the changes in weight of 
Asian babies born at this hospital during the last 
decade and have tried to determine the factors 
responsible. 

The study of immigrant populations is a well- 
known biological tool, since it enables the effect of 
fairly rapid changes to be determined while holding 
the genetic structure reasonably constant: this was a 
further reason for the investigation. 


Methods 


The study was retrospective. Information was 
transcribed from the routine clinical records by 
either M J B or C L C on a standard form. Derived 
data—for example rate of weight gain, weight 
centile, etc—were calculated by M J B or C L C and 
added to the form. 


The study population comprised live singleton 
babies born at Sorrento who were ethnically of 
Asian origin—that is brown-skinned people who 
themselves, or whose ancestors, had originated in the 
Indian sub-continent—stillbirths and twins were 
excluded. In 1968 there were 268 eligible babies, and 
all were included. By 1978 the number of Asian 
births had risen considerably. Partly for resource 
reasons, and partly to obtain about equal numbers, 
only every third consecutive eligible baby was 
included, giving a total for that year of 309. 

As analysis progressed, it became clear that there 
had been a change in the sub-ethnic background of 
the mothers attending Sorrento, and that the secular 
change in the characteristics of Pakistani mothers 
and babies was different from that of Indians. 
Accordingly, ‘Asians’ whose sub-ethnic group could 
not be determined were excluded (10 in 1968 and 11 
in 1978). Two sub-ethnic groups were distinguished 
in 1968: Indian (106 mothers) and Pakistani (152). 
By 1978 a third group had emerged, East Pakistan 
having become the independent state of Bangladesh, 
so that the sample consisted of 70 Indians, 202 
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Fig. 1 Birthweight and gestational age 
(means. SE) of Pakistani and Indian 
babies born at Sorrento Maternity 
Hospital, Birmingham, in 1968 and 1978. 
Compared with 1968, in 1978 the Pakistani 
babies were heavier (P<0-0J), the 
increase in gestational age was not 
significant. Indian babies were not 

| 4978 significantly heavier but had a greater 
gestational age P<0-05.' 
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Pakistanis, and 26 Bangladeshi. For the purpose of 
comparing Indians with ‘Pakistanis’, or studying 
secular change. the 1978 Pakistani and Bangladeshi 
data have been combined. The results from the 1978 
Pakistani mothers were also analysed separately but 
this led to no change in the conclusion drawn. 


Results 


' Birthweight (Table 1): Pakistani babies were on 
average 139 g heavier in 1978 than in 1968; Indian 
babies were 25 g heavier. 


Table 1 Birthweight and major factors affecting it 


Major variables affecting birthweight. Fig. 1 and 
Table 1 show details of the. major variables known to 
affect birthweight—that is gestational age, parity, 
and maternal height. 


Comparison between 1968 and 1978 | 
Pakistanis. There were fewer very short mothers and 
fewer primiparae. There was a small non-significant 
increase in gestational age. In addition, mean birth- 
weight at each gestational age was somewhat higher 
in 1978. 





Indian 
1968 1978 
(2= 106) (a= 70) 
Boys : girls 55:31 37:33 
Birthweight (g) 
Mean 2908 2933 
SD 490 510 
<2500 g 21 (20%) 11 (16%) 
Gestational age (weeks) 
Mean 38-1 38-9 
SD 1-7 2-1 
<37 weeks 20 (19%) 60% 
Previous births 
Mean 2-3 1-3 
SD 2:3 1-4 
Nil 35 (33%) 30 (43%) 
1—4 49 (46%) 39 (58%) 
>4 . 22 (21% 1 (1% 
Maternal height (cm) 
Mean 152:3 153.6 
SD 5.6 5-5 
<150 cm 32 (32%) 16 (23%) 
Height not known excluded 6 1 


Pakistani 
P value 1968 1978 P value 
(n= 152) (n= 228) 
76:76 111:117 
3022 3161 <0-OIT 
440 520 
14Q% 16 (7%) 
=x) -O6f 38.2 38-5 
1-7 1-6 
ctu}. 08* 20 (13%) 22 (10%) 
2-1 2-5 
2-0 2-2 
48 32%) 44 (19%) 
83 (55%) 139 (61%) 
21 (144%) 45 20%) 
<0-01* <0-02* 
152-8 153-3 
6:9 §-5 
53 37%) ts (24%) <0. 02* 
8 


*y2 test (with Yates’s correction, if appropriate); tStndent’s t test; tKolmogorov-Smimov 2-2zample test; P valute >0-09 are not shown. 
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Table 2 Influence of various factors on change in mean birthweight from 1968 to 1978 




















Factor Change in birthweight, 1968-78 (g) 
Pakistani Indian 
Attributable to change Change not Total Attributable to change Change not Total 
in distribution of accounted for change in distribution of accounted for change 
factor since 1968 factor since 1968 
Gestation 23 116 139 133 — 108 o 25 a 
Parity 34 105 139 -44 69 25 
Height 16 123 139 26 a 25 
75th 
Fig. 2 Weight centile (medium + 
TENO quartile) for gestation, sex, parity, and 
. maternal height of Pakistani and Indian 
= 50th i babies born at Sorrento Maternity 
E Hospital, Birmingham, in 1968 and 1978. 
yi i a Using Kolmogorov- Smirnov cummulative 
£ 1 i distribution test: the changes from 1968 to 
g i 1978—an increase in the Pakistanis, a 
Ê | ! decrease in the Indians—were not 
= 25th O Ò significant; in both 1968 and 1978 the 
I Reference centile distribution was higher in the 
x standard Pakistanis than in the Indians (P —0-08). 
i i 1968 1978 
10th ak; i Pakistani 
1968 1978 
Indian 
Indians. Indian women had longer gestations, gestational age would have tended to increase weight, 


and there were fewer very short mothers—both 
factors favouring a heavier birthweight—but parity 
was much reduced. 

The effects on birthweight of the changes in 
gestational age, parity, and maternal height have 
been studied in two ways. 

(1) The 1978 distribution of births across each 
factor has been applied to the corresponding 1968 
birthweights. This enabled us to estimate how much 
of the change in birthweight was attributable to 
changes in the distribution of each factor, and how 
much to changes in other things. The results are 
given in Table 2. 

For Pakistanis, the interpretation is clear: changes 
in the distribution of each factor considered singly 
contributed only a small part (never more than 
one-quarter) to the overall change in mean weight 
between 1968 and 1978. The major reasons for the 
improved birthweight must therefore lie elsewhere, 
in particular in increased birthweight at each level of 
each factor. 

The Indian experience is much more difficult to 
interpret, with no consistent pattern. Changes in 


but changes in parity would have tended to decrease 
it. 

(2) Considering factors only one at a time takes no 
account of their combined effect. In order to do so, 
birthweights were expressed in terms of the birth- 
weight centiles of Thomson ef al.’ and the two 
distributions of birthweight centiles were thus 
compared (Fig. 2). 

Pakistani babies were on average heavier in 1978 
than 1968, even after allowing for changes in 
gestational age, sex, parity, and maternal height, 
whereas Indian babies were slightly lighter, but 
neither of these differences reached statistical 
significance. In both 1968 and 1978 the birthweight 
centiles distribution in the Pakistanis was higher than 
in the Indians (P=0-08). 


Other variables affecting birthweight (Table 3). The 
length of time that the mothers had been in this 
country had increased but the average time was still 
fairly short (3-6 and 2-8 years) and some had been 
here for less than a year (10% and 25%), Table 3. 
Inspection of the results showed that as in other 


870 Clarson, Barker, Marshall, and Wharton 


Table 3. Other variables known to affect birthweight 





Indian 
1968 1978 
Time in Britain (years) 
Mean 2:3 3-6 
SD 1-7 1-9 
<1 year 29 (31 %) 6 (10%) 
Maternal age (years) 
Mean 25-4 24-1 
SD 6-1 4-5 
Teenagers 18 (17%) 10 (14%) 
Time elapsed since previous birth (years) 
Mean 2-3 2-5 
SD 1-5 1-8 
<1 year (%) 15 (21%) 10 (25%) 
Hypertension at any time 
during pregnancy 52 (IES) 5 (8%) 
Vaginal bleeding during pregnancy 5 19%) 1 tl) 
Weight gain (kg per week) 
In 2nd trimester 
Mean 0-36 0-40 
SD 0-17 0-15 
In 3rd trimester 
Mean 0-33 0-40 
SD 0-23 0-19 


Pakistani 
P value 1968 1978 P value 
<0-001f¢ 2-3 2-8 <0-O1F 
1-7 2-0 
<—0-01* 47 (24%) SS aS) 
27-9 27-2 
6-8 6-8 
17 (1%) 19 (8%) 
1-9 2-2 
5 1-4 
33 (32%) 32( 17%) 0-01* 
20s 14 (6%) 0-05* 
2s 5 (2%) 
<0-O1t 0-38 0-37 
0-18 0-22 
<0-S07 0-33 0-30 
0-27 0-20 





*y2-test with Yates’s correction; *Student’s ¢ test; {Kolmogorov-Smirnov 2-sample test; P values 


populations, factors related to reproductive 
behaviour—for example short birth interval or 
teenage pregnancy—were associated with reduced 
birthweight in these Asian families. The changes in 
these two factors were therefore examined. 


Comparison between 1968 and 1978 

Pakistanis. There were fewer teenage pregnancies and 
a substantial reduction in the proportion of babies 
born within one year of the previous one. 

Indians. There were fewer teenage pregnancies but 
the proportion of short birth intervals was slightly 
greater. 

Hypertension was less common in 1978. In the 
Indians, mean weekly weight gain during each 
trimester was greater in 1978. None of the mothers 
smoked. 


Discussion 


Secular change and its causes. The increase during 
one decade of about 140 g in the weight of liveborn 
Pakistani babies is substantial, although their weight 
is still more than 140 g below the British overall 
mean. The longer pregnancies, particularly in the 
Indians, and the effect these had on birthweight, was 
unexpected, although the incidence of preterm births 
in both groups in 1978 remains somewhat above the 
overall British mean of 6 %. 

It is unlikely that genetic factors have changed 
substantially during the 10-year period, so that the 
observed changes are almost certainly due to 
alteration in the environment. In the Pakistanis the 
environmental changes have been in two directions: 
(a) improvement in the mothers’ physical health in 
that fewer of them were very short, few had hyper- 


-0-09 are not shown. 


tension, and intrauterine growth, even after allowing 
for height and parity, was a little improved (NS); 
(b) changes in reproductive behaviour as shown by 
significantly fewer short birth intervals and fewer 
teenage pregnancies (NS). 

The changes in the Indian population are difficult 
to interpret. There were fewer short mothers, 
Suggesting some improvement in the physical 
environment during their growing years, but 
intrauterine growth, after allowing for parity, 
height, and gestation, was no greater. In reproductive 
behaviour the number of very short birth intervals 
was no less. It seems that Indian mothers, while 
having fewer children than previously, nevertheless 
had them close together. Does the same birthweight, 
despite the longer gestational age, reflect the strains 
of the very short birth interval; or could it just 
possibly reflect a true genetic limitation in birthweight 
irrespective of gestation? This question can te 
answered only at a centre which has a much larger 
number of Indian births than we do at Sorrento. 


Implications for clinical and community services. In 
practical terms, attempts to increase birthweight will 
clearly need to consider the mothers’ physical 
environment during pregnancy; nutrition is one such 
factor in some Asian mothers at Sorrento.’ In 
addition however, the study suggests attention to 
factors before the pregnancy will also be necessary 
and may be more important—that is aspects of 
childhood environment which affect height, and 
those psychosocial factors which affect the age of 
first pregnancy, birth interval, and parity. The 
average length of time these mothers have lived in 
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England is increasing (Table 3) and some of the 
changes may reflect this process of ‘acculturation’— 
for example the fewer short intervals between 
pregnancies in the Pakistanis, fewer teenage 
‘pregnancies. We hope that this process will not lead 
to smoking during pregnancy. There are implications 


. here for child health, family planning, and health 


education services. 


Sub-ethnic background. The results in the Pakistanis 
were very different from those in the Indians. The 
study demonstrates that the description ‘Asian’ to 
describe people originating from the Indian sub- 


. continent is imprecise; for most purposes it will be 


necessary to give a more detailed description of the 
3ub-ethnic mix. Differences in the sub-ethnic 
background of Asian communities in Britain may 
account for some of the apparently conflicting 
observations made concerning them. 


Standards for intrauterine growth. There seems little 
point in setting up a standard of weight, or weight for 
zestational age for Asian babies. If such a standard 
were to be set up, which data would be used: the 
Sorrento Pakistani 1968 or 1978, the Sorrento 
Indian, or the Jaipur Indian (mean birthweight 
2700 g in 1972) ?? Although, as human biologists, we 
study data from different individuals at different 
zimes, 8 © the transmutation of the data into a 
>lethora of standards for clinical or epidemiological 
se seems of doubtful value. Many authors have 
stated the case for a single set of reference data for 
>Sostnatal growth. -13 The same arguments could be 
made for a single set of reference data for intrauterine 
zrowth with which all infants, irrespective of race, 
zeography, social circumstances, etc., may be 
zompared. 


We thank Miss J Hallum, Mr H M Mansfeld, 
Mr P Needham, and Mr J Pogmore for allowing 
access to patients’ nbtes; the Medical Illustration 
Department, Birmingham Children’s Hospital, for 


preparation of the figures; Mrs P Cox and Mrs 
J Pickering for secretarial help. 
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Short reports 


Haemolytic jaundice in a neonate after intra-amniotic injection of 


methylene blue 


JANE CROOKS 


Department of Paediatrics, Bristol Maternity Hospital, Bristol 


SUMMARY A child developed haemolytic jaundice 
requiring exchange transfusion after intra-amniotic 
injection of methylene blue, a dye used for detecting 
premature rupture of membranes. Since no other 
cause of haemolysis could be found, methylene blue 
was strongly implicated as the causative agent and 
its use for this purpose should be avoided. 


Premature rupture of the fetal membranes is 
associated with neonatal morbidity and mortality, 
and correct diagnosis is important. Generally 
diagnosis is simple, but in difficult cases obstetricians 
have used several techniques to differentiate between 
leaking liquor and urinary incontinence, including 
injecting dye into the amniotic cavity. The original 
report of this technique used Evans’s blue as the 
marker,' but more recently methylene blue has been 
used. Although there are apparently no harmful 
effects of this dye on the mother, toxic effects on the 
baby, particularly haemolysis and hyperbilirubin- 
aemia, have been noted.?~4 


Case report 


A 3-15-kg girl was born at 38 weeks’ gestation to 
white parents, mother 30 years old, para 2+ 1. 
The date of the last menstrual period was uncertain 
although ultrasound scan at about 8 weeks’ gestation 
determined gestational age to be 8 weeks. Pregnancy 
was complicated by a threatened abortion at 10 
weeks and by hyperemesis at 12 weeks’ gestation. 
At 37 weeks the mother was admitted to hospital 
with probable spontaneous rupture of the mem- 
branes, which could not be confirmed by speculum 
examination or by a pyrimidine test. Four days 
later amniocentesis was performed and about 7 ml 
of 1°% methylene blue was injected into the amniotic 
cavity. Membrane rupture was not confirmed and 
the mother was discharged home. Three days later 
she was readmitted in labour, and subsequently 
delivered a daughter under epidural analgesia. At 


birth the baby was stained bright blue and required 
nasopharyngeal suction and facial oxygen. Apgar 
scores at one and five minutes were 7 and 9. 

At age 3 hours the baby was admitted to the 
special care baby unit with mild respiratory distress 
which settled in 6 hours without specific treatment. 
Chest x-ray film was normal. 

At 23 hours, still minimally stained blue, the baby 
was noted to be jaundiced, although clinically well 
with no hepatosplenomegaly. Serum bilirubin 
concentration was 340 umol/! (19-9 mg/100 ml); 
no free bilirubin detectable; Hb 16 g/dl; reticulocyte 
count 12%; blood group O Rh-positive (mother 
O Rh-positive); Coombs’s test negative. Photo- 
therapy was started and a repeat bilirubin test after 2 
hours showed the concentration had fallen to 295 
umol/l (17:3 mg/100 ml). However, at 72 hours the 
bilirubin level had risen to 385 umol/l (22-5 mg/ 
100 ml) (Hb 15-4 g/dl; reticulocyte count 16%) 
and so exchange transfusion was performed via 
umbilical artery and vein. Phototherapy was con- 
tinued but at 93 hours the bilirubin concentration 
had again risen from the post-exchange level of 
285 umol/l (16-7 mg/100 ml) to 385 umol/l. A 
second exchange transfusion was performed. Serum 
bilirubin concentration subsequently remained low 
and phototherapy was stopped at age 7 days. 
Investigations performed included a full sepsis screen, 
TORCHES* and virology titres, pyruvate kinase, 
and G6-PD, all of which were normal. The mother 
had taken no drugs during pregnancy and was not 
breast feeding the baby. The baby was initially slow 
to feed, but was eventually discharged home at 17 
days in good condition. 


Discussion 


There are several reports of haemolytic anaemia and 
hyperbilirubinaemia in the neonate after administra- 
tion of methylene blue into the amniotic cavity. 


* Toxoplasma, 
syphilis. 


rubella, cytomegalovirus, herpes, echo, 
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The time of administration has varied from 24 hours 
to 5 weeks before delivery, and in most cases 
exchange transfusion or phototherapy, or both, was 
required to control the jaundice. In 2 cases respira- 
tory distress was reported as well? 4 although it is 
difficult to determine whether or not this was related: 
to the dye. In this case the L/S ratio at the time of 
amniocentesis was 2-4. 

Although methylene blue was not looked for in 
the baby’s urine, the high reticulocyte count of 16% 
is clear evidence of active haemolysis, and in the 
absence of blood group incompatibility, infection, 
or red cell enzyme defect it was felt that methy- 
lene blue was strongly implicated as the cause 
of the haemolysis in this patient. In addition, the 
amount of methylene blue administered was large 


- (about 70 mg), being greater than the dose used in 


other reported cases*~* and far exceeding the dose 
of 1-6 mg suggested by Plunkett® as insufficient to 
cause haemolysis. 


A ‘recent report® of inadvertent intrauterine. 


injection of methylene blue at 5} weeks’ gestation, 
followed by a normal delivery at term with no 
ensuing haematological problems, suggests that the 
dye does not necessarily affect the embryo and that 
its use for ‘diagnosis of premature rupture of 
membranes should not be condemned’. It may be 
that the length of time between dye administration 


and delivery is relevant with respect to the develop- 
ment of haematological problems, but since this 
length of time cannot be predicted and problems 
have been reported up to 5 weeks after administra- 
tion of dye, this procedure may be potentially 
harmful at any gestation. 

Methylene blue is not an innocuous drug and its 
use for detection of premature rupture of the 
membranes should be avoided. 
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Ventricular tap under direct ultrasound control 


MALCOLM I LEVENE 


Department of Paediatrics and Neonatal Medicine, Hammersmith Hospital, London 


SUMMARY Real-time ultrasound was used for 
inserting a styletted needle into the lateral ventricle 
under direct vision. Eight successful taps have been 
performed using this method in a preterm infant with 


, moderate ventricular dilatation after intraventricular 


haemorrhage. 


The placement of a needle into the lateral cerebral 
ventricles may be performed as a therapeutic or a 
diagnostic procedure. Ventriculitis can be diagnosed 
only by the presence of organisms in the ventricular 
system, and instillation of antibiotics into the cerebral 
ventricles may be performed under certain circum- 
stances. In addition, repeated ventricular taps may 
be undertaken in posthaemorrhagic ventricular 
dilatation before a shunt can be inserted. In this 
paper is described a method of inserting a needle 


into the lateral ventricle under direct ultrasound 
control. 


- Methods 


An ATL mechanical sector scanner fitted with a 
5 MHz transducer was used to visualise the lateral 
ventricles in coronal section through the temporo- 
parietal bone of a 2-week-old girl born at 29 weeks’ 
gestation with moderately dilated lateral ventricles 
(ventricular index 13-15 mm} after intraventricular 
haemorrhage. l 

The infant was well wrapped up and placed supine 
on a mattress lying on a low table. Her head and 
neck were immobilised by an assistant’s hand on 
either side of her head and she required no sedation. 
The ultrasound transducer was positioned iust 
above and in front of the infant’s ear to visualise the 
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body of the contralateral lateral ventricle in a 
coronal plane. Once identified, the transducer was 
held in position and a wide area of the infant’s head 
was shaved and cleaned with povidine iodine and 
70% alcohol. The sterile area was isolated from the 
ultrasound transducer by a sterile curtain and the 
person performing the ventricular tap then identified 
the lateral margins of the fontanelle and inserted a 
22 gauge styletted needle through the skin, the 
fontanelle membrane, and the dura. The needle and 
its tip could then be identified as a bright linear echo 
in real-time on the screen of the ultrasound monitor. 
The ultrasonographer could determine whether the 
needle was pointed towards the optimal site for 
positioning within the ventricle. While continuously 
observing the movement and position of the needle 
the operator could be given instructions by the 
ultrasonographer to advance the needle to the 


appropriate point. If the needle was thought to be 
too medial or too lateral, it was withdrawn to the 
dura and reinserted in a more appropriate direction. 
Fig. | shows various positions of the needle on its 
passage into the lateral ventricle. 

Once the tip of the needle was thought to be in the 
midpoint of the lateral ventricle, the position of the 
needle could be confirmed by rotating the transducer 
through 90° so that the length of the lateral ventricle 
could be seen in axial plane and the needle position 
confirmed (Fig. 2). Once the position was considered 
to be acceptable the stylet was removed and cere- 
brospinal fluid (CSF) allowed to drain. 

This procedure has been performed on 8 separate 
occasions by different staff with ranging degrees of 
experience in ventricular taps. There has been no 
apparent upset to the infant and the needle has not 
required repositioning once the stylet had been 





Fig. | 


Scans showing various positions of the needle (arrowed) as it is inserted into the right lateral ventricle (V). 


The ultrasound transducer is situated over the left temporoparietal region. 





Fig. 2 
90° to view the needle in axial plane (right). 





Position of the needle (arrowed) seen on coronal view (left) and when the transducer is turned through 


M 
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removed, The operator did not find that the trans- 
ducer encroached on the fontanelle nor did it impede 
his ability to perform the ventricular tap. 


Discussion 


Real-time ultrasound studies have shown that 
ventricular dilatation occurs in up to 40% of cases 
of intracranial haemorrhage during the neonatal 
period.? Papile et al. suggest that ventricular 
decompression by lumbar puncture may reduce the 
incidence of this condition. Decompression by the 
lumbar route, although obviously preferable, is not 
always possible due to basal arachnoiditis and 
cisternal obstruction. In this condition, non- 
communication of CSF between the cerebral 
ventricles and the lumbar subarachnoid space 
precludes the use of lumbar puncture and direct 
ventricular taps may be necessary to remove CSF. 

Lateral ventricular taps are a potentially dangerous 
procedure which should be undertaken only by 
experienced staff. Risks include infection, cyst 
formation, and damage to important areas within the 
brain. Intraventricular haemorrhage as a result of a 
ventricular tap has been reported.‘ In order to 


. minimise the risks of unnecessary iatrogenic prob- 


lems by the needle passing through the ventricle, a 
method of performing ventricular taps under direct 
vision is described. No stereotactic method for 
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needle insertion into the lateral ventricles has been 
previously reported. This method is simple and 
requires little ultrasound experience, The operator is 
given instructions on where the tip of the needle is in 
relation to the ventricle and insertion of the needle 
through the ventricle into the caudate nucleus can 
be avoided. Although the infant described here was 
fairly immature, it is likely that this procedure can 
be performed in most infants up to age 6 months, 
by which time progressive ossification of the skull 
prevents adequate visualisation of the ventricular 
system by ultrasonic methods. 
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Congenital dislocation of the hip and short maternal stature 
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SUMMARY The heights of 33 consecutively selected 
mothers of children in hospital for treatment of 
congenital dislocation of the hip (CDH) were 
compared with the heights of 54 mothers of children 


in hospital for conditions other than CDH. The 
mothers of the CDH children were found to be 
‚shorter than those of the control group by a mean of 


4-4cm. This difference was statistically significant. 
Short maternal stature is associated with a narrow 
pelvis and presumably also with reduced uterine 
size which may cause restriction of space for the 
fetus. 


The aetiology of congenital dislocation of the hip 


(CDH) has been the subject of numerous investiga- 
tions and is still considered multifactorial. Several 


mechanical factors have been noted to correlate 
with CDH—such as breech presentation,! increased 
birthweight and length,* and a greater number of 
labours with fetopelvic disproportion. ? A restriction 
of space for the fetus in utero has also been 
suggested .3 

Since maternal factors play an important role in 
affecting the available space for the fetus in utero 
and in view of the clinical observation that several 
mothers of children with CDH were short, we 
decided to investigate the association between 
maternal height and CDH. 


Patients and methods 


The subjects of this study were 33 infants and 
children with clinical and radiological evidence of 
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CDH who had been consecutively admitted to ‘our 
hospital during the period 1 January to 3 June 1981 
with their mothers. Each patient had been examined 
and diagnosed as having CDH by a senior 
orthopaedic surgeon and was in hospital for 
traction or surgical correction of the condition. 
There were 7 (21%) boys and 26 (79%) girls. 
Thirty-one had been vertex presentations and 2 
breech presentations at birth. The ages of the 
mothers ranged between 19 and 35 (mean of 26-3) 
years. 

The control group comprised 54 infants and 
children who had been in hospital consecutively in 
the paediatric department between 1 April and 
10 May 1981 with their mothers. Any patient who 
had CDH himself or in a sibling was excluded from 
the control group. The referral pattern of children 
with CDH was similar to that of other children. 

The ethnic composition of the mothers in both 

groups is given in the Table. The height of each 
mother in each group was measured, and the 
difference between the mean heights of the two 
groups was assessed by the Student’s ¢ test. 


Results 


Maternal height. The height of the mothers of the 


Table Ethnic composition of mothers of patients with 
CDH and mothers of control group 


CDH group Control group 
Ne yA No pA 
Ashkenazi jewish 6 18-2 13 24.1 
Sephardi jewish 15 45.4 22 40-7 
Arabic 12 36-4 19 35-2 
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Figure Height of mothers of the CDH and control 
groups with mean height for both groups. 


patients with CDH ranged between 143 and 168, 


. mean (4SEM) 154-8+1-2cm. The height of the 


mothers in the control group ranged between 143 
and 176, mean (+SEM) 159-2+1-1cm. The 
difference between the means was 4-4 cm and was 
statistically significant (P<0-01). The individual 
measurement of maternal height in both groups is 
given in the Figure. 


Discussion 


Mothers of children with CDH were significantly 
shorter than mothers in a control group. Since the 
referral pattern and the ethnic composition were 
similar in both groups, the two groups were com- 
parable. Several features have been previously 
demonstrated in the aetiology of CDH. A high 
proportion of first born was present in several 
studies? 4 and was related to the reduced stretching 
of the uterus in first pregnancies which increases the 
pressure on the fetus.“ An increased proportion of 
mechanical problems in labour, other than breech 
presentation, has also been noted.1 Fourteen per 
cent of mothers of infants with unstable hips and 
vertex presentation underwent caesarean section, 
compared with 8° of mothers of infants with stable 
hips and vertex presentation. The CDH group 
showed a higher prevalence of fetopelvic dispropor- 
tion at birth compared with the overall population 
of children born at the same hospital.t A narrow 
pelvis was shown to correlate with short stature® 
and this possibly increases the chance of undergoing 
caesarean section. 

In a thorough search we could find no data 
pertaining to the relationship of maternal height with 
CDH. In this context it is interesting to note that the 
incidence of CDH is high in Japan compared with 
elsewhere® and the average stature of Japanese 
women is shorter than that of American and 
English women.’ Short maternal stature is probably - 
correlated with decrease in fundal height and this 
might increase the pressure to which the fetus is 
exposed. 

Other mechanical factors which act in the same 
way are increased birthweight and length of infants 
with CDH and increased prevalence of oligo- 
hydramnios in pregnancies of children with CDH.® 
This results again in limitation of space for the fetus 
in utero. 

We found that mothers of children with CDH 
have significantly shorter stature than mothers in a 
control group. We suggest that short maternal 


-stature is another possible aetiological factor in 


CDH and that offspring of mothers with very short 
stature should be considered at risk for the develop- 


` ment of CDH. 
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SUMMARY A 4-year-old girl with congenital 
thyrotrophin-releasing hormone (TRH) deficiency is 
described. Oral TRH administration led to normal 
thyroid hormone and TRH levels in the blood; 


, favourable growth and development was achieved. 


Deficiency of thyroid-stimulating hormone (TSH) 
.and hypothyroidism can occur in any condition that 
is associated with developmental defects of the 
pituitary or hypothalamus, or in children with 
idiopathic hypopituitarism. However isolated de- 
ficiency of TSH, or thyrotrophin-releasing hormone 
(TRH) is rare? We describe in detail a case of 
isolated TRH deficiency. 


Case report 


A 44 year-old girl was referred to us because she 
was short. 

She was the third child of healthy, intelligent 

parents. Pregnancy and delivery had been normal, as 
had been the neonatal period. Birthweight was 
3200 g and length 50 cm. Growth to age 1 year had 
apparently been normal but retardation of growth 
was noticed at 2-3 years of age. 
'. Her parents were not related, but her maternal 
‘grandparents were consanguineous. There was no 
‘family history of thyroid disease, dwarfism, or 
mental abnormality. 

Physical examinations showed height 93-0 cm 
(—2-0SD of the mean height for Japanese girls as 
reported by the Japanese Ministry of Health and 
Welfare), weight 13-0 kg (—1-6SD), with normal 
body proportions. The thyroid gland was not en- 
larged, and the remainder of the physical examina- 


tion was normal. Roentgenograms of the skull 
were normal and bone age was 2# years. 
Haematological studies, urine analysis, and blood 


‘chemical determinations were normal. An electro- 


encephalogram was normal. Computerised tomo- 
graphy scans of the skull were normal. Her 
developmental quotient was estimated to be 112. 

At the initial visit, the serum thyroxine (T4) value 
was 4-1 ug/100 ml (52-8 nmol/l) (normal 4-5—13-5 
ug/100 ml), serum tri-iodothyronine (T3) 177 ng/ 
100ml (2:7 nmol/l) (normal 98-202 ng/100 ml), 
and serum TSH 14 U/ml (normal <2-8). Thyroid 
uptake of 3I sodium iodide was 7-1% at 24 hours 
(normal 10-40%). A thyroid scan gave normal . 
results. Tests for antithyroglobulin antibody and 
antimicrosome antibody were negative. The serum 
thyroxine binding globulin determined by radio- 
immunoassay was 20-3 ug/ml (338-3 nmol/}) (normal 
15-7-43-3 ug/ml). 

A peak TSH level of 70 pU/mi was obtained after 
administration of 130ug (10 ug/kg) of TRH - 
intravenously (normal 10-40 U/mD. Two addi- 
tional TRH tests showed similar positive responses. 
Luteinising hormone and follicle-stimulating hor- 
mone showed normal responses to intravenous 
injection of 40 ug of luteinising hormone-releasing 
hormone. Serum growth hormone was demonstrable 
in the fasting state (3-2 ng/ml), and an increase was 
obtained during insulin-induced hypoglycaemia 
(20-5 ng/ml). The plasma level of adrenocortico- 
trophin was 16 pg/ml (normal 15-85) in the early 
morning and a peak level of 27 pg/ml was ob- 
tained by insulin-induced hypoglycaemia. Urinary 
17-OHCS were 3-9 mg and urinary 17-ketosteroids 
0-1 mg/24 hours. Serum prolactin level was 16-4 
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ng/ml and a peak level of 101-7 ng/ml was ob- 
tained by TRH administration. 

The concentration of serum TRH determined by 
radioimmunoassay? was below the limit of detecta- 
bility (<2 pg/ml). Methimazole (20 mg) was given 
for 10 days but the serum TRH still remained below 
2 pg/ml without any increase in secretion. When 
30 mg methimazole was given for 10 days to an 
adult in a TRH secretion stimulation test a peak 
level of > 20 pg /ml was reached (T Mitsuma, 1979, 
personal communication). 


Discussion 


Now that radioimmunoassay of pituitary hormones 
is possible, diagnosis of isolated deficiency of each 
of the pituitary hormones is based on firmer grounds 
than previously. Such developments have led to 
considerably more patients being diagnosed with 
hypothyroidism due to TRH deficiency among 
hypothyroid patients with pituitary dwarfism or 
organic disturbance of the hypothalamus. However, 
only a few cases of idiopathic isolated TRH ‘de- 
ficiency have been reported, one probably due to 
congenital cause‘ and two probably acquired 
postnatally. € This case may be the first of isolated 
TRH deficiency confirmed by radioimmunoassay 
measurement of TRH to be reported. 

A child with short stature and normal proportions, 
delayed bone age, no anaemia, and normal de- 
velopmental quotient made us at first suspect 
pituitary dwarfism. Insulin loading however, suc- 
cessfully stimulated growth hormone secretion. 

Levels of serum TSH were initially a little raised 
at 14 uU/ml. T4 was low at 4-1 ug/100 ml with 
excessive response to TRH. Thyroidal 1I uptake 
was 7-1% after 24 hours, which suggested hypo- 
thyroidism. 

Antithyroid antibodies were negative and the 
thyroid gland was not enlarged. A thyroid scan 
gave normal results. Since serum T3 level increased 
on TRH administration, as reported from some 
investigators, hypothyroidism in this patient was 
thought to be neither primary nor to be mediated 
by the pituitary. 

A long-term follow-up without medication showed 
fluctuations of serum T4 between the lower limit of 
normal and low normal levels. If levels of serum T4 
declined, levels of serum TSH increased with 
excessive response to TRH. A similar case in which 
isolated TRH deficiency was diagnosed in an adult 
patient in whom serum TSH was occasionally a little 
increased has been reported.® The negative feedback 
mechanism in the pituitary-thyroid axis of these 
patients was probably maintained at normal. 
Pituitary hormones other than TSH increased to 
respective secretory stimuli: growth hormone, 


adrenocorticotrophin, and cortisol to insulin, LH 
and FSH to luteinising hormone-releasing hormone, 
prolactin to TRH, with a slight delay in some of 
them. 

TRH in the serum measured by radioimmuno- 
assay, was below the limit of detection, and the 
level did not increase in a TRH secretion stimulation 
tet. re 

This patient had no history of trauma nor did she 
have neurological abnormalities. Computerised 
tomography scans of the skull and electroen- 
cephalogram obtained in order to detect a possible 
organic lesion showed no abnormalities. 

According to these findings, congenital isolated 
TRH deficiency: probably caused hypothyroidism 
in this patient. TRH was therefore administered 
orally. Optimal dose of TRH appeared to be 4-6 
mg/day orally. Serum TRH level was maintained 
within normal limits, 8-10 pg/ml (normal <2-60) 
and growth and development: also proceeded 
normally. The body height, which had been —2-0 
SD before treatment, became —1-0 SD after oral 
administration of TRH for 2 years and 8 months. 
Bone age also corresponds to chronological age at 
present, 

In the: hypothalamus, there is an enzyme for 
synthesising TRH according to some reports.’ In 
congenital TRH deficiency, this TRH synthesising 
enzyme is probably deficient. 


We thank Dr T Mitsuma, Aichi Medical College, 
for providing the TRH determinations, 
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SUMMARY Limited finger joint mobility was assessed 
in 112 diabetic children, in their first-degree relatives, 
and in 50 unrelated non-diabetic children. In 42 °% of 
the diabetic children there was limited joint mobility, 
but 14% of them had more severe involvement. 
Limited joint mobility was correlated with in- 
creasing age, early presentation, and longer duration 
of diabetes. First-degree relatives of affected diabetic 
children had a higher incidence (35%) of limited 
joint mobility compared with relatives of non- 
affected diabetic children (13%). 


Limited joint mobility or deformity was described in 
early reports of diabetic dwarfism and was assumed 
to indicate poor metabolic control. Recently limited 
joint mobility has been increasingly recognised 
among insulin-dependent or type | diabetics with 
better diabetic control. Rosenbloom’s group! found 
limited joint mobility of the hands in 28 % of juvenile 
diabetics attending a diabetic camp. Other groups 
have reported a prevalence rate of 0-32 °%.?-6 We 
have studied limited joint mobility in the hands of 
children attending a diabetic clinic, and compared 
the results with the hands of their families, and 
with the hands of unrelated non-diabetic children 
attending hospital. 


Subjects and methods 


We studied 112 diabetic children aged between 2 and 
16 years, in whom the duration of diabetes was 
between 2 months and 14 years, together with 214 
first-degree relatives, and 50 unrelated non-diabetic 
children aged between 3 and 16 years. Each was 
asked to place his hands together in a ‘prayer-like’ 
position and the ability to oppose the full palmer 
surfaces of the fingers was assessed. In addition. each 
was asked to place both hands palms down with 
fingers fanned on to the desk top and the ability to 
oppose the fingers to the flat surface was assessed. 
Finger joint deformity for each finger was recorded 
and graded from 0 to 2: grade 0 if there was no joint 
flexion deformity, grade 1 if there was mild flexion 
deformity which was correctable by passive manipu- 
lation, grade 2 if there was a more severe fixed 
deformity which was not correctable by passive 
manipulation (Figure). These techniques were simple 





Figure 
involvement of all fingers and not correctable with 
manipulation 


‘Prayer-like’ position showing severe grade 2 


and easily reproducible. Other information was 
obtained from clinical records. 


Results 


Forty-seven (42%) of the children examined had 
some finger flexion deformity (Table). Boys and 
girls were equally affected. The majority had minor 
(grade 1) involvement of the 5th fingers, fourth- and 
third-finger involvement occurring less often. The 
Table gives data for the 16 (14°%) children with more 
severe Involvement, having either grade 2 (4 children) 
of at least one finger, or grade 1 (12 children) of 3 
fingers of each hand. The children with finger flexion 
deformity were significantly older (P<0-02), their 
diabetes had presented at a younger age (P <0-05), 
and consequently they had had diabetes for longer 
(P<0-001) than children without flexion deformity. 
This trend was accentuated in the children with more 
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Table 112 diabetic children examined 





Finger flexion With grade 2 
or 3 fingers 
Children Children grade I each 
without with kand 
65 (58%) 47 (42%) 16 (14%) 
Age (years) 10-3 (43-8) 11-8 (42-60 12-3 (42-0) 
(+SD) [J 1 
P<0-02 
Age of onset (years) 6-9 (43-6) 5-5 (+3-3) 5-1 (34) 
(+8D) l | 
P<0-08% 
Duration (years) 3:3 (42-7 6-3 (43-4) 7-2 (43.6) 
(+SD) 
P<0-01 
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severe involvement. After 7 years of diabetes the 
majority (78 %) of children had some deformity. All 
4 children with grade 2 fixed deformity had had 
. diabetes for longer than 7 years. 

The mean HbA, percentage recorded from 3- 
monthly clinic visits made during the previous year 
was similar in the affected (1394-+1-8) and. non- 
affected children (12-5% 4-1-8). The mean insulin 
doses at the time of the study were similar too 
(0-9+0-2 and 0-8 U/kg+0-2). Affected children 
had had a greater number of hospital admissions 
because of the diabetes, but this was probably only a 
refiection of the longer duration of diabetes. The 
affected children were shorter but this was not 
statistically significant. One affected and one non- 
affected child had early retinopathy. 

There was an increased incidence of finger flexion 
deformity in the parents and siblings of affected 
diabetic children. Thirty-five per cent of the ex- 
amined relatives of affected children were similarly 
affected, compared with 13% of relatives of the non- 
affected diabetic children. Only 1 (2%) of the 50 
unrelated non-diabetic children of similar age 
attending hospital had grade 1 deformity of both 
5th fingers. 

Di ; 
The prevalence of limited joint mobility was higher 
in our population of diabetic children (42%) than 
previously reported. The majority of our affected 
children had minor (grade 1) involvement of only the 
5th finger. Although our method of examination was 
similar to that of Grgic et al. it is possible that we 
included more children with minimal: involvement. 
The incidence of more severe involvement (14%) was 
similar to that reported by the same group of 
workers.! We also noted ‘waxy’ thickened skin and 
other larger joint involvement in a few children, but 
did not systematically quantify them. 

The strong correlation of limited joint mobility 


with duration and early onset of diabetes agreed 
with previous reports.1#7 A correlation between 
limited joint mobility and diabetic management or 
development of other complications could not 
be shown in our population. Although limited joint 
mobility was strongly correlated with duration of 
diabetes, some children developed this complication 
early while others had many years of sometimes 
unstable diabetes without this complication develop- 
ing. This suggests that other factors, possibly 
heredity, are important. 

Traisman ef al.* showed a similar incidence 
(8-4%) of limited joint mobility in diabetic children 


` and in their non-diabetic siblings (9-4%). The inci- 


dence in their control population was 2%, the same as 
our incidence. Our family studies have shown that 
diabetic children with limited joint mobility are more 
likely to have a similarly affected parent or sibling 
(35% of relatives) than non-affected children (13% 
of relatives). 

Increased glycosylation and cross-linking of peri- 
articular collagen has been suggested as the cause of 
limited joint mobility.2 Similar collagen abnor- 
malities may possibly be important in the develop- 
ment of microvascular complications. We could not 
demonstrate a correlation between limited joint 
mobility and microvascular complications although 
other workers? have. Our results suggest that familial 
factors may be important in the individual variable 
development of limited joint mobility with duration 
of diabetes. Further study is necessary to determine 
if a familial tendency to limited joint mobility is 
correlated with later microvascular complications. 
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SUMMARY A case of congenital generalised fibro- 
matosis is described. The need to avoid unnecessary 
treatments is stressed. 





Congenital generalised fibromatosis is a rare disease 
which presents in the newborn period. Multiple 
nodules of fibrous tissue are formed in muscle, 
bone, subcutaneous tissue, and viscera. Only 33 
cases have been described. 


Case report 

A baby girl, delivered at term, was found on routine 
initial examination to have a rubbery 3-cm nodule 
overlying the posterior iliac crest. In addition, five 
3-cm circular, pigmented macules were scattered 
over the back and buttocks. There was no lymph- 
adenopathy or hepatosplenomegaly and the baby was 
clinically well. Her 25-year-old mother had been in 
good health throughout pregnancy and exposed to 
no drugs or toxic substances. On the baby’s second 
day of life another nodule appeared and by the next 
day there were 2 more. The pigmented macules 
darkened and new lesions appeared. The original 
nodule increased in size to 9cm in diameter. All 
investigations including biochemistry, haematology, 
bone marrow, and radiographs of the chest were 
normal. The largest tumour was excised but apart 
from confirming that it was locally invasive the histo- 
pathology proved difficult to interpret. For this 
reason tumour sections were sent to several centres 
around the world. The sections showed pronounced 
variation from field to field. The non-encapsulated, 
cellular neoplasm was predominantly fibroblastic but 
contained numerous thin-walled vascular spaces. 
Areas of necrosis were present. Some areas had a pre- 
dominantly angiomatous appearance and some a 
neural appearance. 

In view of the uncertainty about their nature, and 
the fact that the tumours were known to be locally 
invasive, the decision whether to recommend 
multiple excision remained. However on the baby’s 
seventh day one of the nodules appeared to be 


decreasing in size; by the end of the second week 
there wasnodoubtabouttheclinical regression. Atage 
One month the baby developed a nappy rash with 
superimposed staphylococcal sepsis; the nodules 
continued to regress. At 2 months no palpable 
nodules remained. At 3 months she required 
admission for severe seborrhoeic dermatitis and 
diarrhoea, but responded well to conservative 
treatment. At 4 months her mother attempted suicide 
in the belief that her child was suffering from cancer. 
At 7 months she remains well, with no evidence of 
active disease. Biochemistry, haematology, serum 
immunoglobulins, bone scan, and skeletal survey 
are normal. 

The pathological opinions received included the 
following diagnoses: ‘fibrous type tumour’, haem- 
angioendothelioma, haemangiopericytoma, angio- 
matous mesenchymoma, and congenital generalised 
fibromatosis. A search of the literature confirmed 
that both on clinical and histopathological grounds 
a diagnosis of congenital generalised fibromatosis 
could be made. 


Discussion 


Congenital generalised fibromatosis, although rare, 
is well defined clinically and histologically. Of the 33 
cases cited, the majority come from America and a 
few from France, Germany, and Australia.'~* 
The term was first used by Stout in 1954 to describe 
two rapidly fatal cases. Eleven years later Kauffman 
and Stout, reviewing their own cases, distinguished 
two groups dependent on the presence or absence of 
visceral involvement.’ In both groups presentation 
is in the newborn period with widespread, multiple, 
rubbery nodules. There is often a dominant nodule; 
solitary lesions also occur. The clinical course of the 
lesions is to enlarge initially but ultimately to regress. 
In the so-called generalised group (with visceral 
involvement) survival is poor and death, invariably 
in the first year of life, owing to the involvement of 
vital structures during the phase of active growth 
and regression, producing for example, respiratory 
failure,’ intestinal obstruction,” renal masses, and 
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myocardial lesions.? No nodules in the central 
nervous system have been described. Cases without 
visceral nodules (the multiple group) demonstrate 
a wide range of involvement from single bony or 
subcutaneous nodules to widespread involvement of 
skin, subcutaneous tissue, muscle, and bone. As 
ultimate regression is the rule survival is assured. 

The difficulty in making a pathological diagnosis 
lies in the variability of appearances from field to 
field on microscopical examination.” Multiple foci of 
fibroblastic tissue occur; these are locally invasive 
and not encapsulated. Mitotic figures are sometimes 
present and this gives rise to the most common 
misdiagnosis of fibrosarcoma. However the cells are 
well differentiated. In keeping with the tendency 
to spontaneous regression, areas of degenerative 
change—-such as hyalinisation, calcification, and 
necrosis—are always present. Vascular channels are 
prominent, but there may be a variety of tissue 
elements, raising the possibility of hamartomatous 
rather than neoplastic formation. The bony lesions 
may cause diagnostic confusion, especially if they 
are the presenting feature. They are lytic, well 
marginated, show varying degrees of sclerosis, ê 
and may result in pathological fractures. The nodules 
are thought to represent multiple foci and not 
metastases from a single source.’ 

Although the aetiology of congenital generalised 
fibromatosis is unknown, the condition may be an 
abnormal response to oestrogen stimulation. The 
lesions develop in utero and ultimately regress when 
removed from the uterine environment. Early cancer 
researchers found that guinea-pigs developed 
multiple fibrous tumours if exposed to prolonged 
oestrogen stimulation and that when treatment was 
stopped the tumours regressed. Against this is 
the fact that the pigmented ‘haemangiomas’ or 
macules noted in this case and that of others? ® may 


represent the remains of nodules that have actually 
regressed in utero. 

Although the cause is unknown the diagnosis may 
be confidently made on clinical and pathological 
features. Prognosis rests on a careful search for 
visceral involvement. Survival with visceral involve- 
ment is possible but unlikely. As fibrous tumours 
respond poorly to chemotherapy, the value of this 
approach is doubtful. In the absence of visceral 
involvement the outlook is excellent and mutilating 
and harmful treatment must be avoided. 


I thank Mrs Catriona Lawrie for secretarial assis- 
tance, Dr A D Bain for pathology, and Dr A J Keay 
for permission to report this case. 
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SUMMARY In developing countries, mortality among 
the under-fives is greatest during infancy. Limited 
data indicate that about 80% of these infant deaths 
occur in the first 6 months of life and two-thirds of 
the postneonatal deaths occur before 6 months. 
These findings strongly suggest that more attention 
should be focused on the causes of death in the very 
young infant. 


In the last few years it has become increasingly clear 
how wrong it is to group together infants and 
preschool children as if they formed a homogeneous 
‘vulnerable’ group from 0-5 years. This is particularly 
true with regard to malnutrition. Longitudinal 
studies in the Punjab have shown that for a given 
nutritional status, the younger the child the greater is 
the risk of death. The pattern of malnutrition also 
changes during the first 5 years of life.2 Wasting (that 
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of Latin America and the Caribbean. 


is, low weight-for-height) reaches a peak at 1-2 years 
and then declines, On the other hand, the prevalence 
of stunting (low height-for-age) gradually increases, 
at least in many communities, until about half the 
children may be classified as stunted. In longitudinal 
‘studies in Bangladesh, mortality was highest when 
severe wasting coexisted with severe stunting.’ Such 
findings strongly suggest that we should focus 
attention on the early part of the 0-5 age range. 

There is evidence that in many developing 
countries faltering in growth begins as early as 
2~3 months of age.* This has led us to examine the 
pattern of mortality in the first year of life. The most 
comprehensive study of infant mortality in 
developing countries is the inter-American investiga- 
tion of mortality in childhood.’ The data relate to 
26 508 infant deaths from 22 areas in 8 Latin 
American and Caribbean countries. Fig. 1 shows the 
distribution -of infant deaths for the 22 areas 
combined. Neonatal deaths accounted for 45% of 
the total infant mortality. In the postneonatal period 
twice as many deaths occurred between 1 and 5 
months as between 6 and 11 months. A similar 
: pattern has been found in Ghana® and Bangladesh.’ 
-. Since we have been unable to find any other 
‘national data from developing countries, we have 
examined Woodbury’s infant mortality data for 8 
' American cities in the early part of this century.’ At 
that time the infant mortality rate was 117 per 1000 
live births, which is ‘comparable with the rate 
prevailing in many developing countries today. His 
data relate to 2680 infant deaths and their age 
distribution is shown in Fig. 2. Neonatal deaths 
accounted for 38% of the total infant mortality rate 
and the majority of postneonatal deaths occurred 
between 1 and 5 months of age. 
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was 117 per 1000 live births. 


Figs 1 and 2 are virtually identical and.show a 
steady decline in mortality throughout the first year 
of life. There is certainly no evidence of any increased 
vulnerability during the second half of infancy as is 
frequently stated. This high mortality during the 
early postneonatal period is perhaps surprising as 
one would expect that infants would have some 
protection during the first 6 months when they are 
being mainly breast fed. In Woodbury’s study, for 
example, of the 22 422 infants who were followed 
prospectively from birth, 52% were exclusively breast 
fed at age 6 months, and a further 20% were 
partially breast fed. 

Of what are the infants dying ? The only source we 
know which gives a month-by-month breakdown of 
causes of death is the inter-American investigation.’ 
In that study the main cause of postneonatal death 
was diarrhoeal disease. Fig. 1 shows that the 
percentage of deaths attributed to diarrhoea is 
similar throughout the postneonatal period and there 
is no trend towards any increased mortality from this 
cause in the second half of infancy. (This does not 
necessarily conflict with morbidity data which show 
that the peak prevalence of diarrhoea is roughly at 
9--12 months of age. It simply illustrates the finding 
that younger infants succumb more easily.) 

The investigators found that in the postneonatal 
period mortality from diarrhoeal disease was highly 
correlated with nutritional deficiency (r=0-91). 
Furthermore, many of the postneonatal deaths 
occurred in infants who were of low birthweight. For 
example, in 16 project areas where birthweights were 
known, 28% of deaths in the 1-5 month age group 
were of infants with birthweights <2500 g. Low 
birthweight infants are highly vulnerable to infection. 
Those who survive the neonatal period often develop 
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a superimposed nutritional deficiency which further 
impairs their resistance, especially te diarrhoeal 
disease. This suggests that one important cause of 
postneonatal mortality in Latin Amzrica is low 
birthweight, possibly as a result of pcor maternal 
health and nutritional status. In other parts of the 
world—for example in Africa and the Indian sub- 
continent—the -prevalence. of low brthweight is 
considerably higher than in Latin America. 

The purpose of this report is to stress the need for 
more information concerning the age dstribution of 
infant deaths. The available data indica-e that about 
80% of infant deaths in developing countries are 
occurring in the first 6 months of life. If this is so, 
much greater attention must be given to the very 
young infant if the problem of high infent mortality 
is to be tackled effectively. 
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Neonatal systemic candidiasis: a failure to respond to intravenous 


miconazole in two neonates 


P N MCDOUGALL, P J FLEMING, D C E SPELLER, P DAISH, AND B D SPEIDEL 
Department of Child Health and Departrrent of Microbiology, Bristol Maternity Hospital 


SUMMARY ‘Two extremely preterm incants under- 
going intensive care who developzd systemic 
candidiasis are reported. Each was treated initially 
with intravenous miconazole. One cnild initially 
responded, but relapsed after the miconazole was 
stopped. The second child showed evidence of 
progression of the disease during treetment. Both 
infants responded to a combined course of 
amphotericin B and 5-fluorocytosine. We consider 
that miconazole is not the drug of first choice in the 
treatment of neonatal systemic candidia-is. 


Systemic candidiasis is a well-known complication in 
sick preterm infants needing intensive care. The 
prognosis for such infants, particularly those with 
Candida meningitis, is poor and there is a high 


incidence of neurological sequelae in survivors.:? _ 


We report two infants with systemic cardidiasis who 
failed to respond to treatment with intravenous 
miconazole. 


Case 1 


A boy, birthweight 1000 g, was born by spontaneous 
vaginal delivery at 26 weeks’ gestation. His neonatal 
course was complicated by respiratory distress 
syndrome, severe apnoea, a pulmonary haemorrhage, 
sclerema, and patent ductus arteriosus. He required 
respiratory support via an endotracheal tube for 
68 days and received intravenous nutrition for 70 
days. He was given 4 courses of broad spectrum 
antibiotics (penicillin and gentamicin) for suspected 
sepsis. 

On day 36 his condition fener Blood and 
urine cultures showed a heavy growth of Candida 
albicans, Cerebrospinal fluid (CSF) was normal with 


‚no growth of organisms on culture. Intravenous’ 


miconazole, 15 mg/kg a day in 2 divided doses, was 
started on day 40. The treatment was stopped on 
day 50 when his condition had improved and blood, 
urine, and CSF cultures were negative. 

On day 61 his condition again deteriorated with 
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increasing episodes of apnoea. Blood cultures were 
negative, but urine cultures showed a heavy growth 
of Candida sp. CSF examination showed 0-39 » 10°/] 
white cells with 80% lymphocytes, and C. albicans 
was grown on culture. On day 62 intravenous 
miconazole was restarted and 3 mg miconazole was 
instilled into each lateral ventricle on days 62, 63, and 
64. The minimal inhibitory concentration (MIC)? 
for miconazole was estimated to be 4 mg/l. The strain 
was shown to be sensitive to 5-fluorocytosine, which 
was started on day 65 in a dose of 250 mg/kg a day in 
4 divided doses given intravenously. 

On this regimen the baby’s condition improved 
and subsequent blood, urine, and CSF cultures were 
negative. Treatment was stopped on day 75. 

His condition again deteriorated and CSF cultures 
on days 99 and 104 both yielded C. albicans. Treat- 
ment was therefore restarted on day 104 with oral 
5-fluorocytosine and amphotericin B. The ampho- 
tericin B was given intravenously in daily incremental 
doses to a maximum of 0-64 mg/kg a day. Ventri- 
cular taps were performed on alternate days and 
5 ug amphotericin B was instilled into each lateral 
ventricle. An Ommaya reservoir was inserted on 
day 120 to facilitate instillation of the amphotericin 
B. 

On day 122 he developed oliguria with hyper- 
kalaemia and hyponatraemia. The intravenous 
amphotericin B was stopped and renal function 
rapidly returned to normal. It was restarted on 
day 131 in daily incremental doses to a maximum of 
0-5 mg/kga day. There were no further complications 
of the treatment. 

Six days after starting the combined treatment all 
cultures were clear and there was no subsequent 
growth. His condition improved steadily and the 
CSF white cell count fell to normal. The intravenous 
amphotericin B was stopped on day 140 after a total 
dose of 25 mg and 5-fluorocytosine was stopped on 
day 150. The intraventricular amphotericin B was 
stopped on day 150 and the reservoir was removed 
on day 195. 

His subsequent progress has been followed closely 
and when seen recently for review at age 3 years he 
was developing normally. 


Case 2 


A boy, birthweight 800 g, was born by spontaneous 
vaginal delivery at 26 weeks’ gestation. His neonatal 
course was complicated by birth asphyxia, severe 
apnoea, bacterial sepsis, patent ductus arteriosus, 
and pneumonia. He required respiratory support for 
64 days and received intravenous nutrition for 
40 days. He was given three separate courses of 
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broad spectrum antibiotics (penicillin and genta- 
micin) for suspected and proved sepsis. 

On day 34 his condition deteriorated with increased 
ventilatory requirements. A chest x-ray film showed 
bilateral patchy consolidation. Blood and urine 
cultures on days 34 and 38 yielded C. albicans. CSF 
examination on both occasions showed no abnor- 
malities. Treatment was started on day 38 with 
intravenous miconazole 20 mg/kg a day. 

On day 42 he developed dactylitis affecting the 
3rd and 4th fingers of his right hand and also an 
abscess on his forehead which yielded C. albicans, 
Neither of these improved with continuing treatment 
with miconazole. On day 45 he had evidence of 
increased growth of C. albicans in the urine, while 
blood cultures and the CSF remained clear. 

Therefore the miconazole was stopped and he was 
started on combined treatment with oral 5-fluoro- 
cytosine (150 mg/kg a day in 4 divided doses) and 
intravenous amphotericin B (in daily incremental 
doses to a maximum of 0-8 mg/kg a day). By day 
50 his condition was considerably better and urine, 
blood, and CSF cultures were clear. The dactylitis 
and abscess had resolved. All subsequent cultures 
remained clear. There were no complications of the 
treatment which was stopped on day 80 after a total 
dose of 20 mg of amphotericin B. 

He developed hydrocephalus which was treated by 
a ventriculoperitoneal shunt, inserted at age 10 
months. 

When last seen at 18 months past term he was 
considered to be performing at a 15 months level, 
with no gross neurological deficit. 


Discussion 


There have been reports of the successful use of the 
combination of amphotericin B and 5-fluorocytosine 
in the newborn period.! 7 However, the toxicity of 
the former and the development of resistance to the 
latter have prompted a search for a safer and a more 
reliable alternative. 

The successful use of miconazole in the treatment 
of systemic fungal infections has been widely 
reported in adults? and neonates. Its advantages 
have been considered to be its low toxicity and broad 
spectrum of in-vitro activity against Gram-positive 
cocci and most fungi and yeasts. 

Both of our patients showed some of the problems 
of the management of systemic candidiasis in the 
newborn period. Case 1 appeared to respond 
initially to miconazole but relapsed after treatment 
was stopped. A further course failed to eradicate the 
organisms. The MIC observed for the candida 
isolate after treatment with miconazole (measured 
by standard methods at the Mycological Reference 
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Laboratory, London School of Hygiene and Tropical 
Medicine),* suggested the development of resistance. 
Values obtained for MIC of imidazole compounds 
however, are highly dependent on in-vitro conditions? 
and it is not at present possible to relate them with 
certainty to results in vivo. It would appear that the 
most effective way of monitoring the response to 
miconazole treatment is the clinical condition of 
the patient and the absence of Candida sp. from 
cultures. 

. Case 2 showed clinical evidence of progression of 
the disease during the course of treatment with 
miconazole. 

Both patients responded well when the treatment 
was changed to a combination of amphotericin B 
‘and 5-fluorocytosine, with laboratory evidence that 
the organisms were highly sensitive to these drugs. 
Studies in vitro have shown a synergistic effect 
between amphotericin B and 5-fluorocytosine.’ We 
consider that this combination is the treatment of 
choice in neonatal systemic candidiasis and that 
miconazole should be reserved for those instances 
where there is a failure of response or significant 
side effects to either drug. . 
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The following articles will appear in future issues of this journal: 


Energy balance, nitrogen balance, and growth in preterm infants fed expressed breast milk, a premature 


infant formula, and two low solute adapted formulae 


O G Brooke, C Wood, and J Barley 


Investigation of suspected growth hormone deficiency 


R DG Milner and E C Burns 


Liver disease in India 


S A Bhave, A N Pandit, A M Pradhan, D G Sidhaye, A Kantarjian, A Williams, I C Talbot, and M S Tanner 


Alcohol consumption in pregnancy. How much is safe? 


PJM Davis, J W Partridge, and C N Storrs 


Asthma and infant diet 
D M Fergusson, L J Horwood, and F T Shannon 


Neurological complications of arterial hypertension 


R S Trompeter, R L Smith, R D Hoare, B G R Neville, and C Chantler 


~% 


Archives of Disease in Childhood, 1982, 57, 887-890 


Correspondence 


The place of birth 


Sir, 

I was intrigued by John Davis's passing reference in his 
annotation! to ‘one set of assumptions leading to eugenics 
as the other points back towards what is called social 
Darwinism’, although I am not sure about the aptness of 
the contrast. The term ‘sociai Darwinism’ is widely 
interpreted? and social Darwinists have included 
advocates both of collectivism and competitive 
individualism. 

However, nowadays it is variation in planned family 
size rather than in fecundity and infant and childhood 
mortality that provides the opportunity for genetic 
change. Eugenic, or dysgenic, trends depend in developed 
countries on the minority of couples who have more or 
fewer than the 2 children, which are now the target of a 
majority.* t There will always be some men and women 
who are infertile; some who, for one reason or another 


. have no liking for children, or for medical or genetic 


problems or fear of nuclear war feel they should not 
have any children. This provides the opportunity for 
some couples to aim at a third or fourth child, without 
the birth rate exceeding replacement rate. 

It is to be hoped that the families of more than 2 


_ children will be those in which the children will, in 


Professor Davis’s phrase, ‘achieve maturity and in- 
dependence as a result of good genes, good fortune, and 
a good upbringing’. There are indications that such 
hopes are fulfilled once family size is effectively planned 
throughout the community. This is to be expected, since 
on the whole men and women enjoy doing what they do 
well. This includes rearing children as well as the 
practice of trade, sport, or hobby. So it is mainly those 
who enjoy the rearing of their first 2 children who will 
want to plan a third and fourth. This process might well 
be called social Darwinism, natural selection operating 
in the context of the planned family. 
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Klinefelter’s syndrome in adolescence 
Sir, 
We read with interest the paper by Ratcliffe et a/.1 and 
should like to add some of our own observations, some 
of which have been published but seem to have escaped 
the attention of the authors. Klinefelter’s syndrome can 
be diagnosed in early age not only in mentally-retarded 
children or by screening for abnormal caryotypes, but 
also by performing a buccal smear on any child who 
presents with hypogonadism? or cryptorchidism.? We 
have followed up 24 boys with Klinefelter’s syndrome, 
18 of whom were diagnosed prepubertally throughout 
puberty into adulthood.* Onset of puberty, as judged 
from testicular enlargement and presence of pubic hair, 
occurred between 11 and 14 years in the 18 patients. By 
age 17 years pubic hair, penile length, and height had 
reached the adult stage in all patients, but arrest of 
testicular growth was noted at mid-puberty, 13 years, 
with maximal mean (+ SD) volume attained being 3-5 -+ 
1-5 ml. The first conscious ejaculation was reported to 
have taken place between 13 and 16 years in ten patients 
and in the remaining four between 1/ and 18 years of 
age. Sperm counts obtained after age 18 showed 
azoospermia or severe oligospermia in every patient, 
except one who had a sperm count of 30 x 10*/ml. This 
man fathered 2 children.‘ The hypothalamic-pituitary- 
gonadal axis, assessed by luteinising hormone-releasing 
hormone and human chorionic gonadotrophin stimu- 
lation tests, was found to be normal in prepuberty and 
during early pubertal stages. From mid-puberty the basal 
levels of plasma follicle-stimulating hormone and the 
response to luteinising hormone-releasing hormone 
showed a gradual increase above the normal. Towards 
late puberty (>15 years) basal and peak levels of 
luteinising hormone were above normal with a con- 
comitant decrease in the basal level of testosterone and 
in its response to human chorionic gonadotrophin. 

In many subjects the syndrome is benign and the 
patient can lead a normal life including army service and 
marriage.® 


References 


Ratcliffe S G, Bancroft J, Axworthy D, McLaren W. 
Klinefelter’s syndrome in adolescence. Arch Dis Child 
1982; 57: 6-12. 

Laron Z, Hochman I H. Small testes in prepubertal boys 
with Klinefelter’s syndrome. J Clin Endocrinol Metab 
1971; 32: 671-2. 

Dickerman Z, Landman J, Prager-Lewin R, Laron Z. 
Evaluation of testicular function in prepubertal boys by 
means of the luteinizing hormone-releasing hormone test. 
Fertil Steril 1978 ; 29: 655—60. 

Laron Z, Dickerman Z, Zamir R, Galatzer A. Paternity 
in Klinefelter’s syndrome—a case report. Arch Androl 
1982; 8: 149-51. 


pari 


të 


~ 


887 


888 Correspondence 


ë Laron Z. Klinefelter’s syndrome: early diagnosis and 
social aspects. Hospital Practice 1972; 7: 135-9. 

ê Topper E, Dickerman Z, Prager-Lewin R, Kaufman H, 
Maimon Z, Laron Z. Puberty in 24 patients with 
Klinefelter’s syndrome. Eur J Pediatr 1982; in press. 


Zvi LARON AND EYTHAN TOPPER 
Institute of Paediatric and Adolescent Endocrinology, 
Beilinson Medical Centre, 
Petah-Tiqva 49 100, 
Israel 

Dr Ratcliffe and co-workers comment: 
The single case with a sperm count of 30 x 10° per ml 
(and who fathered 2 children) confirms our statement that 
a note of caution should be introduced in the prognosis 
of future sterility. It would have been of interest to know 
how many of the 24 boys with Klinefelier’s syndrome 
that they have seen have developed gynaecomastia as this 
feature, for both patients and parents, would greatly 
affect a benign image of the condition. Furthermore, if 
cases are ascertained from an endocrine clinic, selection 
may exclude those presenting with educational or 
psychiatric problems, each of which we have encountered 
in our follow-up of 20 cases identified in the 1967-79 

newborn survey in Edinburgh.! 
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Oral rehydration in acute infantile 
diarrhoea 


Sif, 


Sandhu et a/.' reported a significant rise in serum sodium 
concentration in 4 of 7 infants treated with an oral 
rehydration solution containing 125 g/! of glucose- 
polymers (which yields 730 mmol/l free glucose on 
hydrolysis) and 90 mmol/l of sodium. One patient 
developed severe hypernatraemia with this solution 
(serum sodium 162 mmol/l). The authors suggest that 
such hypernatraemia could be secondary to (1) the high 
sodium content in the oral rehydration solution: 
(2) the low sodium diarrhoea caused by infections 
secondary to agents such as rotavirus; (3) the malab- 
sorption of sugar with resultant water loss secondary 
to the infectious process. (The glucose-polymer was 
implicated by the authors in the one patient with 
severe hypernatraemia). 

From these assumptions, Sandhu et al. recommended 
that the sodium concentration in oral rehydration solu- 
tions be reduced to as low as 25 mmol/l, particularly in 
temperate climates. 

Several studies have demonstrated the effectiveness of 
the WHO/UNICEF solution (sodium 90 mmol/l, 
glucose 20 g/l) in treating diarrhoeas of multiple aetio- 
logies, including rotavirus.2, We have successfully used 
the WHO/UNICEF solution, both for children in 


hospital and for ambulatory patients in the the USA 
without inducing hypernatraemia.? + The glucose con- 
centration of oral rehydration solutions should be 
maintained between 56 and 140 mmol/l (10 and 25 g/l) 
to obtain optimal absorption of water and sodium.’ 
Increasing this concentration beyond this range could 
potentially aggravate the diarrhoea by osmotic mechan- 
isms, as seen in this study, leading to the increased loss 
of diarrhoeal stool with a low sodium content. Un- 
fortunately no stool electrolyte studies were carried out. 

Sandhu et al. recommended the high glucose-polymer 
concentration, instead of the WHO/UNICEF recom- 
mended monomer glucose, to improve the nutritional 
benefit of oral rehydration. This can be achieved more 
appropriately by introducing food as soon as rehydration 
is completed and appetite has been restored, generally 
within the first few hours.* ë They also suggest that the 
metabolic responses of patients in temperate climates 
(implying well-nourished patients) may be different from 
those of endemically undernourished children, although 
our studies? * do not support this nor are we aware of 
any that do. 

The WHO/UNICEF solution, containing 90 mmol/1 
sodium and 20 g/l glucose has been shown to be safe and 
efficacious, provided the solution is used appropriately! 
It is important that free water be allowed after the initia. 
rehydration period. 

We disagree with the suggestion that a solution with a 
lower sodium content should be used to prevent hyper- 
natraemia. The WHO/UNICEF solution can be used 
safely in toth well-nourished and undernourished 
populations. The study of Sandhu ef al. only confirms 
the predicted results when oral electrolyte solutions 
containing a marked excess of osmotically-active carbo- 
hydrates are used. 
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A silent grunt for neonatal respiratory 
distress syndrome (or what’s this 
EER?) 

Sir, 

Grunting in neonatal respiratory distress syndrome 
(RDS) appears to be a form of variable expiratory 
resistance. Simply inserting an endotracheal tube into an 
infant with acute RDS, and thus removing the grunt, may 
cause a marked deterioration in clinical condition.! 
Moomyjian et al.” have completed the circle, replacing the 
grunt in their intubated babies, by an external expiratory 
resistance (EER). Perhaps extubation would have been 
simpler and equally satisfactory. 

As well as questioning the rationale for the experiment, 
I would question some of the results. The authors state 
that the ‘mean net work of breathing’ was unaffected by 
EER. This is a fallacy, since the method usually used for 
calculating work of breathing does not take account of 
the shift in the pressure-volume loop, as lung volume is 
altered. When lung volume is increased by the application 
of EER, the increase is achieved by muscular effort on 
the part of the baby (and not, as in CPAP, by any 
external distending force). This extra effort, which may 
te considerable at high lung volumes, is not represented 
in the ‘work of breathing’ term. It is thus misleading to 
conclude that, because the ‘work of breathing’ was un- 
altered, the respiratory muscles were under no more 
stress. Indeed, the extra respiratory muscle load imposed 
by EER could merely hasten the onset of muscle fatigue 
in this susceptible group of infants.” 

Clearly, without more appropriate measurements of 
lung mechanics, gas exchange, and respiratory muscle 
function, it would be premature to draw any conclusions 
concerning the clinical value of EER. 
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Parenteral feeding and necrotising 
enterocolitis in very low birthweight 
infants 

Sir, 

Eya! et al.' believe that they have caused a reduction in 
the incidence of necrotising enterocolitis (NEC) in their 
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hospital by the more extensive use of parenteral nutrition 
in very low birthweight infants. Unfortunately, the well- 
known tendency for cases of NEC to occur in clusters 
makes the ‘historical’ controls they have used particu- 
larly unsuitable for this kind of study. 

A similar change in management of very low birth- 
weight infants occurred here in 1980 and 1981. During 
the first year parenteral nutrition was not often used, 
only if enteral nutrition was impossible. Six cases of 
NEC among 132 very low birthweight infants occurred; 
in the second year parenteral nutrition was used much 
more extensively and the infants were not fed enterally 
while ventilated, suffering from major recurrent apnoea, 
or tachypnoea exceeding 60 breaths a minute. Thirteen 
cases of NEC occurred among 181 very low birthweight 
infants none of which happened while the infant was 
receiving parenteral feeding, but symptoms appeared 
within a day or two of reaching full volume enteral feeds 
of fresh human milk or ‘humanised’ formula. Onset of 
the disease occurred between | and 8 weeks after birth; 
thus, although withholding enteral feeding protected 
against early NEC, the effect was to delay rather than 
prevent the disease. A small increase in incidence was 
seen but this could have been owing to the sporadic 
nature of the disease. 

In most cases NEC is undoubtedly dependent on the 
presence of milk in the gut, but the need or desirability 
for total avoidance of enteral feeding in early weeks in 
very low birthweight infants is still far from proved. 
Provided that a low osmolality, well absorbed feed is 
used its exact nature may not be important; the total 
volume and rate of increase of volume of feed may be 
more relevant. Concern that poor weight gain may have 
later consequences in terms of brain development 
prompts many neonatal units to overload the capacity 
of the gastrointestinal system of these tiny infants. A 
combination of enteral and parenteral feeding may 
allow the optimal solution by allowing a very slow 
increase in enteral load during the first 2 or 3 weeks 
with adequate calorie intake. In a large hospital the use 
of such a conservative feeding regimen has already been 
shown to reduce the incidence of NEC to insignificant 
levels without the problems of wholesale parenteral 
feeding.” 
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Dr Eyal and co-workers comment: 


The suggestion that the sharp reduction in the incidence 
of NEC in our very low birthweight infants after the 
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institution of total parenteral feeding during the first 
2 or 3 weeks of life is owing to the tendency of the 
disorder to appear in clusters is a misjudgement; the 
simultaneous increase in the incidence of the disease in 
preterm infants with weight >1500 g (in whom no 
change in feeding policy was made)! rules out this 
explanation. Unfortunately, Richard Cooke has failed 
to reduce the incidence of NEC in his unit, despite ‘more 
extensive use’ of parenteral nutrition. This may be owing 
to the high prevalence of the disease in the preterm 
infants in whom this ‘extensive use’ was abandoned. 

It is true that some very low birthweight infants 
develop NEC once enteral feeding takes over the initial 
regimen of parenteral nutrition, but this occurrence 
is rare and the severity of this late onset disease seems less. 

Concerning the volume of feed and rate of increase 
these were already demonstrated, retrospectively and 
prospectively, not to be significant factors in the patho- 
genesis of NEC.* 
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Sir, 

In their historically controlled trial of parenteral feeding 
in the very low birthweight infant Eyal et a/.1 claim that 
an observed decrease in the incidence of NEC between 
1977 and 1979 from 18-2% to 3-5% was unlikely to be 
explained by ‘the epidemic cluster of cases characteristic 
of some outbreaks’ and was owing to the change in 
feeding policy. They stated that the incidence of NEC in 
preterm infants with birthweights above 1500 g, in whom 
there was no change in feeding policy, was increased 
during the trial period, but they did not provide any 
relevant figures. 

In 1981 at Southmead General Hospital where it is our 
policy to feed very low birthweight infants enterally 
except in the presence of tachypnoea, respiratory support, 
or failure to tolerate such feeding, the incidence of NEC 
in such infants was only 3% (2 out of 64) which coincides 
with the ‘good year’ of Eyal et al. However, large 
variations in incidence of NEC have been observed here 
from year to year, as is common experience. 

The duration of parenteral feeding recommended by 
Eyal et al. is based on the assumption that infants are 
particularly vulnerable for NEC in the first 2 or 3 weeks 


of life. In the UK surveillance programme for NEC 
(Communicable Disease - Surveillance Centre, 1980, 
unpublished report) the mean age of onset in 56 infants 
of very low birthweight was 20 days, and 61% of them 
developed NEC after 14 days. In the series of Bunton 
et al.*2 out of 5 infants of very low birthweight developing 
NEC did so after 21 days of age. Stoll ef al. reported an 
inverse relationship between the age of onset of NEC 
and gestational age at birth with a mean age at diagnosis 
in the 26—30-week gestational age group of 20-2 days. 
Both our Southmead very low birthweight infants 
developing NEC in 1981 were more than 3 weeks old. It 
appears that Eyal et al.'s introduction of enteral feeding 
between 14 and 21 days for 1001-1500 g infants was 
during their period of maximum risk. 

When assessing the introduction of such a major 
change in management, changes in other parameters of 
morbidity should be considered. However, Eyal et al. do 
not mention the incidence of problems in their patients 
on parenteral nutrition. The danger of bacteraemia may 
be reduced by using peripheral lines but serious bio- 
chemical and technical problems remain. We are con- 
cerned by the withholding of enteral nutrition at a time 
of possible critical brain growth, and the implications of 
such withholding on gut hormone production and gut 
growth are only now being discovered. Therefore it is 
very disappointing that although it was felt justifiable to 
subject a large number of infants prophylactically to 
prolonged parenteral nutrition, a randomised controlled 
trial was not carried out to evaluate the new policy. 
Without such evidence Eyal ef al.'s experience is most 
likely explained by the well-known epidemic clustering of 
NEC. 
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“Book reviews 


Butterworths International § Medical 
Reviews: Pediatrics. Vol. 1. Hematology 
and Oncology. Edited By M Willoughby 
and S Siegel. Pp. 306: £15-00 hardback. 
London: Butterworth, 1982. 


This is the first of a new series of paediatric 
monographs which succeeds the post- 
graduate paediatric series published by 
Butterworths, of which the late John Apley 
was editor. For this series Butterworths 
have enrolled different editors for each 
ok and have tried to share the editorial 
ks between a UK and a USA editor. 

7 It is a comparatively small, moderately 
priced book: for which the editors have 
chosen 13 topics, each dealt with by a 
different author, most of whom are from 
the USA. It is intended for general 
paediatricians and the choice of subjects is 
sensible. The level of information is also 
well judged giving either a guide to current 
best management or some insight into 
exciting and important trends. The 
contraversial practical aspects are dealt 
with Hirmly and usefully; thus in the 
chapter on thrombocytopenic purpura, 
clear advice is given about when and how 
to use corticosteroids. However, the 
brevity of the chapters means that they 
«cannot be regarded as authoritative; a 
fiediatrician confronted with a child who 
haemophilia will require more 
knowledge than is available in the chapter 
«0n ‘Home therapy and haemophilia’; and 
mhe trainee taking a postgraduate examina- 
mation will require more information than is 
available in the relevant chapter. The book 
should not be considered as a paediatric 
Bhacmatology and oncology reference book, 

Mout rather as a guide to recent trends. 
Bearing in mind its limited size and 
scope the space used for reference lists is 
extraordinary; one chapter comprising 20 
pacages of text is followed by 15 pages of 
wmaceferences. Another brief chapter has 
315 references, all given in full Vancouver 
style and printed in a type large enough to 

make g presbyopic paediatrician purr. 
ROY MEADOW 


pr Development of Vision. By P A 

ardiner. Studies in Developmental 

iPaediatrics Series. Vol. 3. Pp. 141: £11-95 
“hardback. London: MTP Press, 1982. 


This third book in a series edited by 


Margaret Pollack is compact, readable, 
and practical. Topics dealt with in the text 
include the morphological and physio- 
logical development of the visual system; 
the development of visual behaviour in the 
young child coupled with descriptions of 
the techniques available to the clinician for 
the assessment of vision; the principles 
governing optics and refraction, the inm- 
portance of strabismus within the context 
of paediatric practice; models of ophthal- 
mic services for children and the special 
visual needs of handicapped children. 

Peter Gardiner is to be congratulated on 
his authorship, particularly in the way he 
expresses complicated technical principles 
in simple uncluttered English. The sections 
on optics, refraction, and squints will be 
especially valuable to the primary care 
physician, and give him sufficient working 
knowledge to make selective referral to 
specialist colleagues correctly. 

Severe visual disability is only briefly 
referred to and although the book did not 
set out to detail the embryological, genetic, 
and paediatric facets of congenital visual 
handicap, a section emphasising that there 
are important overtones in these areas in 
most forms would have been valuable. It 
would have been helpful to have had a 
description of symptoms and signs to 
watch for in babies and young children. 

Although the book is well indexed and 
referenced the lack of reference to much of 
the more recent research on early infant 
vision is a pity. 

This is an excellent little book which will 
find a useful place on the shelves of 
paediatric libraries as well as of doctorsand 
people in other disciplines working in child 
care and development, and it should cer- 
tainly be on the book list for courses 
in child development. 

PATRICIA M SONKSEN 


Parent-Infant Bonding, second edition. 
By M H Klaus and J H Kennell. Pp. 314: 
£13-50 hardback. St Louis: Mosby, 1982. 


The first edition of Klaus and Kennell’s 
delightful book on understanding mother- 
infant relationships has been obligatory 
reading for obstetricians, paediatricians, 
and midwives for the last 6 years. 

With the gradual introduction of open 
visiting to wards and intensive care units, 
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parent support groups, counselling clinic- 
for the bereaved, and Polaroid photos 
graphs for separated mothers, many wil 
feel that we have come a long way (or even 
done enough) in humanising the more 
institutional side of hospital delivery and 
baby care. 

This second edition reminds us that we 
still have a long way to go. Its scope and 
length is widened by including the 
problems of fathers and siblings and those 
of medical and nursing staff exposed to 
repeated stress in neonatal intensive care 
units. The evangelical framework of the 
earlier book has been filled out and 
supported by new and usually sciéntific 
data on the beneficial effects of the liberal 
and interventionist methods they advocate. 

The style and approach of the book is 
North American in detail, but the 
principles presented are universally useful. 
An increased number of contributors is 
matched by an even greater number of 
‘critical commentators’ whose sometimes 


pithy interjections make the book more 


enjoyable. However, the less’ experienced 
reader might find the conflicting opinions 
sometimes confusing. The original com- 
mentators were mainly paediatricians but 


alternative birth enthusiasts and a token 


analyst have joined the panel for this 
edition. 

It is a book for enthusiasts.. Depending 
on your preconceptions in the field you 
will embrace it or reject it, but do read it! 


RICHARD COOKE 


Paediatric Pathology. Edited by C L Berry. 
Pp. 697: DM 170, $72:40 hardback. 
Berlin: Springer, 1981. 


A new text on paediatric pathology is a 
rare occurrence and this addition to the 
field by Professor Colin Berry and 11 
other contributors deserves a warm 
welcome. Its roots can be traced to the 
Department of Pathology at The Hospital 
for Sick Children, London, where 5 of the 
authors trained; two-thirds of the con- 
tributors are from London medical 
schools. 

The first three chapters cover examina- 
tion of the fetus, placental and abortion 
pathology, and congenital malformations. 
The final chapter provides a concise 
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account of sudden infant death syndrome 
and non-accidental injury. The remaining 
12 chapters are devoted to systematic 
pathology; only skin and eyes are omitted. 
The text is uniformly sound and in the case 
of metabolic diseases and the chapter on 
muscle and peripheral nerve there is a 
useful practical section on techniques of 
investigation. The illustrations are of high 
quality. 

The uneven balance of the content is 
‘largely pre-empted by the declared 
editorial aim that this is not a comprehen- 
sive text or reference book. It is intended 
for pathologists with a special interest in 
this field rather than a special training. 
However, some chapters are compre- 
hensive already and I hope that Professor 
Berry may reconsider the present selective 
policy for future editions, which should be 
assured to judge by this volume. 


ANGUS GIBSON 


Books for patients and parents 


Churchill Livingstone Patient Handbooks 
No 2: Epilepsy Explained. By M V Laidlaw 
and J Laidlaw. Pp. 83: £1-30 paperback. 
No 3: Help for Bed Wetting. By R Meadow. 
Pp. 43: 95 pence paperback. No 4: 
Your Child’s Development in the First Five 
Years. By R S Illingworth. Pp. 72: £1-20 
paperback. No 5: The Diabetic Child. By 
J W Farquhar. Pp. 113: £1-30 paperback. 
No 6: Infections and Immunisation of Your 
Child. By R S Illingworth. Pp. 73: £1-20 
paperback. Edinburgh: Churchill Living- 
stone, 1982. 


I have just been listening to Mozart’s A 
Major piano concerto No 23 (K 488) 
played by Pollini; the most sublime of 
composers and one of the greatest of 
modern pianists; genius interpreted by 
genius; perfection. In a way, and on an 
entirely different plane, the writing of 
books for patients and the parents of 
patients is similar to a musical perform- 
ance in so far as for complete success you 
must have both the corpus of knowledge 
and experience (the composition) and the 
ability to interpret it to the readers for 
whom it is intended (the performance). 
In another way however the analogy 
stands completely inverted because, 
whereas in music there are few composers 
and many performers, in the writing of 


popular books on medical subjects there 
are many with the qualifications to com- 
pose but relatively few with the ability to 
interpret well. It would be easy to suppose 
that this kind of writing requires less 
effort than writing for professional 
readers but the opposite must be true. I 
heard it said of the late Ronnie MacKeith 
that he once interrupted a meeting with 
“Yes, but what we ordinary mums want 
to know is... .?’ How many of us really 
know what we ordinary mums want to 
know? 

So far in this series there are eleven 
books, six of them (the five I’ve read and 
another on Diabetes in your teens) deal 
with paediatric subjects. They are at- 
tractively produced, small books each 
with a different coloured, bright, glossy, 
soft cover, measuring 18-5 x 12-5 cm 


and containing between 43 and 115 pages. ` 


There are a few simple diagrams and 
occasional tables and figures, but no 
photographs. Each of the authors is a 
nationally or internationally acknow- 
ledged authority on his or her subject and 
has written extensively about it before. 
As might be expected the factual content 
of the books is largely impeccable— 
though the Laidlaws’ assertion that 10% 
of children with febrile convulsions later 
develop epilepsy is a gross overestimate. 
There are traps which lie in wait for 
anyone who writes this kind of book and 
some of the authors have occasionally 
fallen into them. There is the trap of 
talking down to people, one facet of 
which is the use of over-elaborate simile; 


‘Professor Farquhar’s reference to ‘the 


movie camera at the back of the eye 
known as the retina’ seems to me to come 
into that category. There is the trap of 
oversimplification which may confuse 
rather than illuminate—the Laidlaws’ 
diagrammatic egg-shaped brain divided 
into exchange brain, computer brain, and 
primitive brain is an example; I can see 
no real advantage of an egg-shaped brain 
over a brain-shaped brain. There is the 
trap of letting your enthusiasm run away 
with you. Professor Illingworth can’t 
really expect to get away with ‘On no 
account let your child come in contact 
with an adult who has, or has had, 


tuberculosis even though it is said to. 


have “healed’’ or to be inactive’. The 
morphological similarity between Koch’s 
bacillus and Hansen’s bacillus doesn’t 
justify treating all those who have ever 


been victims of the former in a way which 
used to be reserved for those of the lattes 
There is the trap of tautology. Teachers 
should be grateful for a marvellous 
example: ‘the BS 1619 contains 20 units 
in 1 ml, but it will only do so when you 
use soluble insulin at a strength of 20 
units in one ml’. There is the trap. of 
preaching a sermon rather than giving 
professional advice—witness Professor 
Illingworth’s exhortation to parents under 
the heading ‘set a good example’. There 
is the trap of being ‘groovy’ and talking 
like a Radio 1 disc jockey—‘l6 units at 
80 strength is only 4 on the syringe and 
16 units at 40 strength is only 8 on the 
syringe. Got it?’ (Lest I be accused of 
favouritism let me say quickly that I 
examined the short book on enuresis b 
the senior editor of this journal m 
carefully for such. slip-ups and it galls me 
considerably to have to admit that I 
didn’t find any). I am also aware that we 
all fall into such traps from time to time 
and I claim no immunity, especially from 
the trap of enthusiasm. 

Who will these books help? Despite 
the traps the one about the diabetic chilc 
is invaluable as a supplement to direct 
explanation and discussion with parents 
and all children’s departments shoulc 
have copies to lend. The one abou 
enuresis should also prove helpful form 
intelligent parents and general prac 
titioners might find it useful to have» 
several copies for them to lend. I founc 
the book about epilepsy less readable bu 
that may be a personal reaction to, the 
style and many patients or parents mi 
well find it useful, especially in providin, 
points for further discussion with thei» 
doctor. 

I am not sure how Professor Iling» 
worth’s two books will be used; there ar 
several longer and much more attractiveb» 
presented books which deal with many ¢ 
the same subjects. The book about ir 
fections and immunisations could b 
useful to parents as a reference book i 
times of trouble but the absence of a 
index detracts from its use in that way 
Again, general practitioners wishing t 
encourage health education might cor 
sider both books as an addition to, 'c 
a replacement for, Punch and tk 
Illustrated London News in their surger 
waiting rooms. 
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If you are asked “When should I change to household milk?” 
the DHSS recommend “...the change from breast 
or bottle feeding to household milk is not advised before 
6 months of age...the use of an approved infant formula 
throughout the first year may be an advantage” 
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Milupa introduce 
Milumil in lkg pack — for 
nutritional value at an 
economical price for 
extended usage. 
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up to 1 weeks supply. 
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freshness. 
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Everyone agrees that 
breastfeeding gives a baby 
the best start in life but if EEE AONT IS 
not chosen or when breastfeeding ends — 
Milumil can be used with confidence. 

Milumil is a modern modified baby milk 
which meets DHSS guidelines. 

It’s granulated for easy mixing and 
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cup feed. Baby needs 
approximately 1 pint of 
milk a day from 4 months 
onwards — the remainder 
of the energy is provided 
by a mixed diet (Fig.1). 
By continuing to use 
Milumil up to 12 months 
baby will be receiving a 
i substantial % of some of 
* the important vitamins 
and minerals needed for 
growth which are at a low 
level in cows milk (Fig. 2). 
Mii 300g and 1kg packs are available 
from your local chemist and Boots. 
Milumil 500g Clinic Pack is available for 
nein against Welfare se Tokens. 
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PP 800 with Babylog 


Specific paediatric medical-engineering system 


Draeger equipment is designed to give babies at risk a good start in life. The focus of Draeger apparatus is the baby 
whose life is at stake. Draeger provides a complete range of equipment for neonates and high-risk infants requiring 
resuscitation, ventilation and a protective enclosure giving warmth, humidity, and shelter from infection. 

There is the PP 800 which is more than a conventional resuscitation unit. It is accessible from three sides with useful 
partitioned drawers under the resting surface and a monitor tray at the back. There is a swivel-type ceramic radiant-heater 
with two built-in halogen lamps. ) 
There is the Babytherm 4200 with both mattress- and radiant-heater. This heated cot can therefore be used as open 
intensive care unit. 

There is the Incubator 7310 with its large front flap, as well as the Intensive Care Incubator 7510. Both offer: 

— precise temperature 

— adjustable O» concentration 

— adjustable relative humidity 

— quiet operation 

— protection against infection 
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Ancillary devices, such as those necessary for secretion extraction, the administration of O», nebulisation/humidification, 
infusions or phototherapy, can be easily attached to any Draeger incubator. And for ventilation, the Draeger Babylog 1 
offers IPPV with integrated PEEP, IMV and CPAP. 
Finally there is the Transport Incubator 5400 with a laminar heater. An intensive care module for ventilation is available. 
The incubator can be attached to any power supply system in ambulances, aircraft and other rescue vehicles. 

The paediatric range: together with DraegerService, regular inspections, on-the-spot repairs, rapid supply of spare parts 


and maintenance contracts. 
Please get in touch with us. 


Draeger. 
DraegerService. 


Dragerwerk AG 
P.O. Box 1339, D-2400 Lübeck 1 
Telephone (451) 882-1, Telex 02 68 07 


in Great Britain: 


Draeger Medical Ltd. 


Hertfordshire House 
Wood Lane, Hemel Hempstead, Herts. HP 2 4SU 
Telephone (0442) 3542, Telex 826093 
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Annotations 
Glue sniffing 


Glue sniffing is a recent phenomenon among the 
young in the UK. It was rarely reported here before 
19701 although it has been a problem for longer in 
the USA where 7-12% of high school pupils have 
tried it at least once and about 4% sniff regularly.” 
In the UK glue sniffing is common among deprived 
youngsters in inner city areas, and Masterson® 
suggests that it is the impoverished youngster’s 
substitute for alcohol. Certainly it begins in the 
young, but unlike other drug taking which increases 
with age, glue sniffing lessens? although a switch to 


other drugs may ensue. There seems to be a 


regrettable absence of longitudinal studies. 
Who are the glue sniffers? 


Glue sniffers are young adolescents, more often boys 
although girls are increasingly represented,* whose 
families have most of the markers of inner city 
deprivation—such as poverty, overcrowding, un- 
employment, and delinquency. Most of them do not 
live with both their natural parents and Framrose® 
has described a typical family pattern in which the 
parent, or parents, have abdicated authority, vesting 
power in the adolescent. Often the mother-son 
relationsbip is an enmeshed one and the father’s 
(or step-father’s) authority is undermined by the 
mother, sometimes because of his own tendency to 
alcoholism, drug abuse, or criminality. The parents 
or step-parents appear to avoid intimacy, . thus 
triangulating the adolescent into their relationship 
and allowing him to occupy a position superior to 
that of the father in the family’s hierarchy of power. 
‘The mother was central, battling protectively on her 
son’s behalf against the agencies outside the home 
and the relatively ineffective father within.’ This 
family pattern is described by others®’ but is not 
unique to glue sniffers. Many syndromes—for 
example deliquency, school refusal, wife battering, 
and homosexuality—have been linked with 
peripheral or absent fathers. Indeed Dendle’s* 
survey of 25 female glue sniffers and 25 non-glue 
sniffers admitted to a remand centre showed few 
differences between the two groups; each showed 
highly deviant behaviour as might have been 
expected in such an institutional population. The 
glue sniffers were distinguished by a higher pro- 


portion of broken homes, more suicidal behaviour 
and self-mutilation, and more anti-authority, 
rebellious attitudes. 

Perhaps we should cease to regard glue sniffers as a 
separate category, to get ‘unstuck from the glue’ 
(R Framrose, 1982, personal communication), and 
recognise glue sniffing as one more manifestation of 
delinquency. 


Phenomena of glue sniffing 


A small amount of glue is squeezed on to a rag or 
into a small bag and inhaled. The effect is sometimes 
enhanced by encasing the head in a larger plastic 
bag. Mild intoxication is produced which lasts for 
about 30 minutes. Initial euphoria may continue into 
a confusional state, with disinhibition and hallucina- 
tions giving rise to risk-taking or aggressive 
behaviour. Eventually drowsiness and unconscious- 
mess supervene if the inhalation is continued.® 
Vomiting may lead to inhalation asphyxia? and 
suffocation can occur if the plastic bag adheres to 
the face of an unconscious youngster. If the sniffing 
is done alone, the risk of an accident is greater. The 
mortality from toluene itself, the main glue solvent, 
appears to be very low? and most solvent deaths 
reported have been from associated trauma? or from 
aerosol abuse, petrol (benzene), and dry cleaning 
fluid (trichloroethylene) inhalation. Morbidity is 
more difficult to assess. Renal damage, polyneuro- 
pathy, cognitive difficulties, and a withdrawal 
syndrome resembling delirium tremens have all been 
described.? 8 


Prevention and treatment 


Attempts to make the use of glue illegal have not 
been successful in the USA and indeed it may be that 
the decreasing incidence of glue sniffing with age is 
related to the fact that glue-sniffing youngsters are 
not breaking the law and thus escape the involvement 
with police, juvenile courts, and convicted 
delinquents which some criminologists suggest may 
launch youngsters on a criminal career.}° 

Voluntary restriction of sales to minors by shop 
keepers is a more promising approach which has 
not yet been evaluated, and the industry is 
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considering the use of unpleasant additives to glue. 
The controversial suggestion™ is that adults should 
not try to prevent glue sniffing but should teach 
youngsters how to practise the habit more safely— 
for example by not encasing oneself in a plastic bag 
and by not sniffing alone or in dangerous places (such 
as on railway banks or cliffs) where ore might fall. 
They also advise adults not to offer ‘sl-ppery slope’ 
stereotypes, implying that any experimentation is 
likely to turn the youngster into a drug addict. 
Such a panicky response based on ignerance might 
drive them into experimenting with moze dangerous 
inhalants and other drugs. Masterscn? however, 
thinks that to approve of glue sniffing is setting a 
dangerous precedent but suggests a sclution which 
others might think even more undesiratle—that is to 
introduce the glue sniffer to alcohol early, albeit in a 
family setting where intake can be centrolled. As 
many of these parents have themsel-es problems 


with the control of drinking, such an a>proach does. 


not seem realistic. 

Various treatment approaches have their 
enthusiastic advocates, thus proving tha: no definitive 
treatment has yet emerged. The mo-t interesting 
treatment approach involves the family and makes 
use of strategic family therapy techniqves!” in which 
paradoxical instructions are used to force changes in 
family structure, increasing parental zo-operation, 
and decreasing the youngsters power within the 
family. So far this work has not be2n evaluated. 
Kaufman’ described the use of structural family 
therapy techniques,!* considered to be ineffective by 
Framrose,® and claimed that they reduced reci- 
division in institutionalised young people dependent 
on drugs. Other techniques include beheviour therapy 
either linking glue sniffing with an aversive 
experience—such as apomorphine-ind-ced vomiting 
—oOr using relaxation and aversve imagery 
techniques, psychodrama, and techniques for 
increasing the youngster’s self esteem.? None of 
these treatment approaches has been evaluated with 
the use of control groups, but in view of the con- 
tribution to the problem by individual, family, and 
social factors, a combined approach using family 
therapy, behavioural treatments, and work with 
social groups—such as schools and zangs—seems 
empirically sound. 


Conclusion 


Glue sniffing is one manifestation >f delinquent 
behaviour which occurs mainly :n secondary 
schoolchildren who are often materiall- deprived and 


come from disturbed homes, characterised by 
peripheral or absent fathers, and distorted familial 
alliances. They tend to be more self-destructive than 
other juvenile delinquents but the phenomenon is a 
fairly benign one with remarkably low morbidity and 
mortality rates compared with other risk-taking 
behaviours in adolescence. The dangers could be 
reduced further by a voluntary restriction on sales to 
minors, incorporating noxious but non-toxic odours, 
health education, and providing activities for young 
people which enhance self-esteem. In the absence of 
evaluation studies of therapies, a pragmatic approach 
to treatment is advisable, but therapies which do not 
include the family are less likely to be successful. 

We know little of the continuities between solvent 
abuse and narcotic abuse and need longitudinal 
studies. 

Other volatile substances and drugs are more 
dangerous than glue and adults must avoid 
responding to glue sniffing in such a way as to drive 
children to experiment with other substances. 
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A quinquennium in infant feeding 


Infant feeding 1980" has recently been published. It is 
the report of a survey carried out by Jean Martin and 
Janet Monk of the Office of Population Censuses and 
Surveys, Social Survey Division, on behalf of the 
Department of Health and Social Security and the 
Scottish Home and Health Department. A similar 
-survey but covering England and Wales only was 
performed in 1975.2 How are babies in Britain being 
fed and what lessons can we learn ? 


Changes 1975-80 


The Figure summarises how young infants were fed 
in 1975 and 1980. + £ 

` The breast feeding curve has moved up by 15-20%, 
or in proportional terms, in 1980 one-third more 
babies were breast fed at birth and at 4 months the 
number being breast fed was twice that in 1975. 
Looking at the cohort of babies who started breast 
feeding, many more were still breast fed 4 and 6 
months later. 
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Figure Proportion of babies in England and Wales 
breast feeding and receiving solid foods during the 

first 6 months of life in 1975 and 1980 (abstracted from 
Tables 3-1, 4-1, 4-6, 8-4).* 


The ‘introduction of solid foods’ curve has moved 
to the right by 3~-4 weeks; the median age for having 
introduced solids has moved from 8 to 12 weeks. 
Introduction of solids occurs later in breast-fed babies 
than in bottle-fed ones—for example at 6 weeks 
20% of bottle-fed babies receive solids but only 4% 
of breast-fed ones; this differential is not shown in 
the Figure. 

The 1975 report did not state what the bottle-fed 
babies had in their bottles but the 1980 report gives 
more detail. Nearly all of them were receiving a 
suitable infant formula—98% at 6 weeks, 94% at 
4 months. 

Cereals and rusks remain the most popular initial 
solid foods although(to my surprise) rusks rather thah 
cereals were in 1980 more often (46%) the initial 
choice. Dried food has third place (13%). In recent 
years many of the initial weaning foods have become 
gluten free—for example maize- and rice-based 
cereals rather than wheat—but details are not given 
in the report. 

There has been little change in the use of vitamin 
supplements. At 6 weeks about a half of breast-fed 
babies and three-quarters of the bottle-fed ones were 
not receiving supplements, at 4 months about one- 
third breast fed and two-thirds bottle fed were not. 

The evidence that these substantial changes in 
infant feeding practice have been responsible for 
contemporary improvements in child health has been 
reviewed elsewhere. The arguments, necessarily 
circumstantial but persuasive, are that reductions in 
neonatal hypocalcaemia, deaths from gastroenteritis, 
excessive weight gain, and prevalence of coeliac 
disease are related to these changes. 


Breast feeding in the 1980s 


Does the report give any clues on how we might 
increase the incidence of breast feeding to, say, 
Scandinavian levels (one-third of mothers in 
Uppsala are still breast feeding at 6 months).* The 
averages summarised in the Figure of course cover up 
considerable variation. The mother most likely to 
breast feed lives in south east England, continued 
education after her 18th birthday, is in social class I 
(97% fed their first baby); whereas among social 
class IV and V Scottish mothers who had left school 
at age 16, 47% feed their first baby and only 27% 
feed a subsequent one. These ‘inequalities in health’® 
are well known but give no immediate guidance to 
our clinical practice. Other inequalities may give us a 
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clue, however. Experiences with the frst baby are 
important, the longer the first baby is treast fed the 
greater the chance of subsequent lactations being 
successful, investment in primiparae will have a 
cumulative effect. It seems that if a mother has 
planned to breast feed, the chance cf failure (as 
measured by giving up breast feeding wichin 2 weeks) 
is almost halved in babies put to the breast 
within 4 hours of birth, and in tho-~e who were 
demand fed. Similar conclusions were reached in a 
prospective Newcastle study® also funded by the 
DHSS. The Newcastle study reaches further 
important conclusions concerning the iritial decision 
to breast feed. The majority of mothers had decided 
whether they hoped to breast feed before they 
attended the booking clinic and the vews of their 
husband and mother were importart factors in 
reaching this decision. 

It seems therefore, that attempts to increase the 
incidence of breast feeding should be aimed more 
widely as part of the overall health education service. 
Our professional function, once the woman is 
pregnant, is to help her to success im Aer chosen 
method of feeding—the time for evangel. sm has gone. 
If she is uncertain, informed persuasion has a role. 
The Newcastle mothers preferred to talE to midwives 
and health visitors about infant feeding {so much for 
the paediatrician’s role!) but the national survey 
showed that many women do not attend antenatal 
classes and only 40% of mothers reported having 
had discussion about infant feeding during visits to 
antenatal clinics. 


Other lessons 


The report is mainly concerned with treast feeding 
but there are some other useful poinés.. Although 
nearly all bottle-fed babies received a stitable infant 
formula even the 6% of bottle-fed babies who at 
4 months were receiving unmodified ccws’ or goats’ 
milk is too many— it would have been nteresting to 
know the factors associated with this choice. Many 
mothers do not attend antenatal class but even if they 
did only two-thirds were shown how tb make up a 
bottle of feed—perhaps this is a carping criticism 
since the insiructions on packets and tins of formulae 
are clear. 

The consumption of supplementery vitamins 
probably still reflects the confusion and ambivalence 
concerning the subject. Present day practice in 
infant feeding: 1980" tried to clear this up by 
simplifying the dose and encouraging professional 
discretion. It recommended ‘the dose of he children’s 
vitamin drops to be reduced from a range of 2 to 7 
drops to 5 drops per day (that is vitancin A 200 ug, 
vitamin C 20 mg, vitamin D 7 ug)... cnly when the 


mother’s professional adviser is sure that an infant is 
receiving an adequate intake of vitamins from other 
sources... iS there no need to advise the use of 
supplementary vitamins.’ One-third of breast-fed 
children aged 4 months were not receiving vitamin D 
supplements; should they have been? The subject of 
vitamin D in breast milk is confused. Water-soluble 
vitamin D sulphate apparently present in breast 
milk® ? does not have antirachitic activities! and it 
may have been an analytical red herring. It seems 
safer to recommend vitamin D supplements for all 
breast-fed babies. Two-thirds of babies receiving an - 
approved formula at 4 months were not given 
supplements, but then they would not need them 
because all the currently available formulae contain 
10 ug per litre of vitamin D, although the extra 
vitamins given to the remaining one-third would not 
be harmful. The babies who at 4 months were 
receiving unmodified cows’ or goats’ milk should 
have had supplements but half did not; they should 
of course have been receiving an approved formula 
anyway with supplements as an option. There is still 
a long way to go in tidying up our vitamin supplement 
practice. 

A minor point is that nearly all babies receive 
either water or fruit juice even at 6 weeks. Is this 
necessary? I suspect it is a hangover from our 
concerns in the early 1970s concerning the high renal 
solute load of cows’ milk and the risk of obesity. 
However, with our hygienic water supplies, and the 
disappearance of reservoir feeders, I suppose it 1s 
harmless. 


1985 


A further survey is promised for 1985. This sequential 
series describing infant feeding practice in a national 
sample is and will prove invaluable: Martin, Monk, 
and the DHSS are to be congratulated. The 1975 and 
1980 reports have dealt mainly with breast feeding in 
the early months of life. It is to be hoped that the 
1985 report will cover all infants through the entire 
period and will tell us as much about the bottle-fed 
child and the weanling. 
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Energy balance, nitrogen balance, and growth in 
preterm infants fed expressed breast milk, a 
premature infant formula, and two low-solute 


adapted formulae 
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SUMMARY Energy balance, nitrogen balance, and growth studies were done in 37 preterm infants 
(20 of very low birthweight) who were fed on expressed breast milk or on one of 3 formulae each of 
different composition, including a special premature formula and a highly adapted ‘humanised’ 
formula. The variability of breast milk composition was such that it would have been difficult to 
predict the infants’ protein and energy intakes under normal nursing conditions. All measured 
parameters of nutritional performance were best in infants fed on the ‘premature’ formula and were 
reflected in greater weight gain, linear growth, and head growth. The nitrogen balance data suggest 
that the highly adapted formula, which had a protein content comparable with that of mature human 
milk, contained too little protein for small preterm infants. 


Although much has been written and spoken about 
the feeding of preterm infants, there is no agreement 
on what is best. Current opinion probably favours 
breast milk'~* but this is not supported by strong 
evidence that it is better than, or even as good as, 
specially adapted cows’ milk formulae as a source of 
nutrients for the very immature. The arguments for 
using human milk are based on work on its immuno- 
logical and anti-infective properties,5® on the 
prevention of necrotising enterocolitis,? on the 
greater biological suitability of its proteins,? on 
improved fat absorption,® and on psychological and 
- emotional factors. The available data do not make a 
convincing case because no long-term differences in 
outcome favouring breast milk have been demon- 
strated. Possibly even the reverse is true, if the 
preliminary finding? can be confirmed, that the 
development of very small infants fed banked human 
breast milk is less satisfactory than that of similar 
infants fed a premature formula. In the short term 
there may be nutritional problems with human milk. 
Its composition ‘is variable,!°“ and it may be 
deficient in energy, protein, minerals, and trace 
elements.12-1* Such deficiencies can on occasion limit 
growth and prevent the infant from thriving.® 44 The 
studies described here were designed to investigate 
energy and nitrogen balance, the aspects of nutrition 
most obviously connected. with growth, in preterm 


infants fed with human milk and cows’ milk-based 
formulae. The formulae selected were a modern 
low-solute adapted milk with a low protein content, 
a more traditional infant formula with higher 
protein content, and a special ‘premature’ formula. 


Patients and methods 


Infants. Details of the 37 infants studied are given in 
Table 1. Gestation was confirmed by Dubowitz’s 
method?’ if in doubt, but most had early ultrasound 
dating. All infants were well at the time that they were 
studied. None had significant malformations. 
Twenty were of very low birthweight (<1500 g). 
Twenty-one were small for gestational age, defined as 
having a birthweight <10th centile for gestational 
age using Gairdner’s charts.‘ This reflects the 
practice of the obstetric unit, which acts as a referral 
centre for complicated pregnancies. In most cases 
the fetal growth retardation was the result of 
pre-eclampsia, essential hypertension, or placental 
abruption. Seven infants were studied more than 
once. To compare the different feeds, infants were 
matched for birthweight, gestation, and age at time 
of study (see page 901). Measurements were made 
during a total of 71 weeks, on average 2 weeks per 
baby. Informed parental consent was obtained and 
the studies were approved by the hospital’s ethical 
committee. 
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breast milk (EBM) or with the low protein formula 
(Osterfeed, see page 900), depending on the avail- 


Table1 Details of infants studied 























Gender Birthweight Gestation Age at study Mean weight ter i . 
(g) (weeks) (days) at study (g) ability of breast milk and the mother’s wishes. 
F 390 36 ER ASO Thereafter selection of the feed for study was 
F 1000* 33 24 1110 determined solely by the need to match the groups of 
3 eine 2 A 43 A 1830 infants for birthweight, gestation, and postnatal age. 
M. 1050 32 20, 33 1520, 2090 The study feed was begun 1—2 weeks after the infant 
E ne a a P had been established on full enteral feeding, and was 
F 1160* 32 7 1210 receiving an intake of at least 180 ml/kg daily. 
F 1160* 33 17 1260 Data on matching of the infants are shown in Tables 
* . * 
ve. nanan $ yee a 2 and 3. Random allocation was not considered 
F 1210 31 24, 38, 56 1320, 1600, 1850 feasible because of the fairly small numbers of 
3 rae J A 28 a 1590 . suitable infants and the effects of gestational age and 
F 1260 28 16 1360 birthweight on postnatal digestive function and 
F 1280* 34 8 1360 growth, 2° which make matching mandatory unless 
F. 1340 31 12 1310 
F 1380* 34 15 1740 
F 1480* 35 tt 1760 
M 1540* 34 15, 24 1820, 2160 Table 3 Details of matching for gestation and postnatal 
M FP = 1l on age in all infants studied 
M 1540* 35 13 1870 & 
* 
3 a T - a Pre-Aptamil Osterfeed EBM Milumil 
4 ican vi 2 o Gestation (weeks) 34 34 34 
M 1680 33 6 1705 Postnatal age (days) 15 15 ti 
* 
A ris 5 2 cab Gestation (weeks) 28 26 28 
F 1700 32 13 1780 Postnatal age (days) 48 51 43 
= rein o a j oR Gestation (weeks) 32 33 2 2 
M 1860* 35 7 2020 Postnatal age (days) 25 28 28 22 
S ae a : a Gestation (weeks) 35 35 36 53` 
F 1460 31 17 1530 Postnatal age (days) 5 7 i2 -10 
M 1720 32 25 1850 Gestation (weeks) 32 33 33 31 
14364317 32-342-2 20411 1665+290 Postnatal age (iya) > 20 i3 24.. B3 
*< 10th wei ile.18 Gestation (weeks) 32 32 31 32, 
i ce Postnatal age (days) 17 13 15 25 
Gestation (weeks) 32 32 30 31 
e i r ; Postnatal age (days) 17 17 20 25 
Feeding and study design. Most infants of very low a 
birthweight had an initial period of partial or total Gestation (weeks) 33 "32 34 
Bee : Postnatal age (days) 7 7 g 
parenteral feeding. Thereafter they were fed intra- 
- gastrically, either continuously or by hourly gavage Gestation (weeks) 32 32 
at the start, later working up to 3-hourly gavage. Postnatal age (days) ae a7 
A few of the larger infants were studied after they had Gestation (weeks) 35 35 
achieved partial or full bottle feeding but tube Postnatal age (days) 11 13 : 
feeding was used throughout the balances in mast of Gestation (weeks) 34 24 
them. Enteral feeding was begun either with expressed Postnatal age (days) 34 27 : 
Table 2 Matching for gestational age, birthweight, and age at time of study in the 4 groups of infants 
Number of Birthweight Gestation (weeks) < 10th centile Age at study (days) 
infants WASD — SD +SD š 
Pre-Aptamil 10 1337+265 32-8+1-9 8 19-4410-1 
Osterfeed 10 1381-299 32-642-6 8 19-3413-8 
Pre-Aptamil 9 1267 +276 32-341-8 7 Q1-3411-1 
EBM 9 13044252 32-342-3 7 19-448-4 
EBM 8 ' 1328+313 32.1427 -6 19-1415-2 
Osterfeed 8 1318+266 32-442-5 6 19-348-9 & 
Milumil 5 15364306 32-241-°6 3 19-0+8-4 
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unrealistically large numbers are studied. We 
elected not to use a crossover design, which would 
have increased the numbers, because of difficulties 
in ensuring that the design was balanced and because 
- of the necessarily shortened period during which an 
infant could be studied on any one feed. 


Composition of feeds. Infants were fed on pasteurised* 
EBM (generally the mother’s own but occasionally 
supplemented by banked EBM), Osterfeed (Farley 
Health Products, Plymouth), Milumil {Milupa Ltd, 
Hillingdon), or Pre-Aptamil (Milupa L-d). Osterfeed 
is a cows’ milk-based, low-solute, hizhly adapted 
infant formula. It is recommended for the formula 
feeding of term infants but is also used for feeding 
preterm infants in neonatal units in the UK. Milumil 
is a more ‘traditional’ cows’ milk-based infant 
formula with higher protein and minera. content than 
Osterfeed, although the composition meets the 
ESPGAN criteria for formula feeds for neonates.”! 
Pre-Aptamil is a special premature formula adapted 
to meet the theoretical requirements for increased 
protein, energy, and minerals.** Details of the 
composition of the formulae are given in Table 4. 
All were given as ready-to-feed liquid preparations. 
The total energy content of the formuSe was deter- 
mined by ballistic bomb calorimetry.2* Their 
nitrogen content was analysed by the Kjeldahl 
technique using a semiautomated methed. The breast 
milk was analysed for total energy and nitrogen 
during each balance. The energy ccntent of the 
breast milk ranged from 49 to 76 (mean 64 + 8) 
keal/100 ml and its nitrogen content from 173 to 
390 (mean 276 + 76) mg/100 ml. 


Balances. Energy and nitrogen balances were 
performed during 3 days between carmine markers, 


*30 minutes at 65°C. 


Table 4 Composition of the formulae (per 100 ml) 
fed to the infants 





Osterfeed Milumil  Pre-Aptamil 

Energy (kcal) 68 68 76 
Protein (g) 1-45 1-85 2-1 
Protein energy (% of total) 9 11 11 
Whey :casein ratio 61:39 20:80 55:45 
Carbohydrate (g) 6 -96* 8-4t 8-7* 
Fat œ) 3-8t 3-1 3-6§ 
Total minerals (g) 0-19 0-29 0-3 
Sodium (mg) 19 27 38-5 
Potassium (mg) 57 86 94-0 
Calcium (mg) 36 71 67-0 
Phosphorus (mg) 31 55 47-0 
Magnesium (mg) 5 7 7-8 
Osmolality (mOsmol/kg) 283 342 374 


* Lactose. 

fLactose 6%, maltodextrin 1-3 %, amylase [- 1%. 
tCows’ milk fat and vegetable oils. 

§Cows’ milk fat and vegetable oils, no MCT, 


and were done between 4 and 10 days after the 
start of the study feed. Intakes were weighed. Small 
vomits were collected on weighed absorbent pads 
for later analysis and subtraction from the intake. 
No infant with clinically significant vomiting was 
studied. Excreta were collected in preweighed 
disposable napkins (Redinaps, Robinsons of 
Chesterfield, Wheat Bridge, Chesterfield, Derbyshire) 
and acrylic napkin liners (Boots Co Ltd, 
Nottingham). Special care was taken to ensure that 
the napkins fitted closely round the waist and thighs 
to prevent leakage. The liners retain the stool and 
allow the urine to pass through into the absorbent 
napkin. Although this does not give complete 
separation of faeces and urine, such separation is not 
essential for input/output balances. However the 
isolation of the faeces by this method is good** and 
the results obtained for faecal and urinary nitrogen 
are very similar to those found in other studies 
on preterm infants in which urine was collected 
separately.” 26 At each napkin change, all stool was 
carefully removed from the buttocks and placed with 
the liner in a sealed polyethylene bag, as was the 
napkin containing urine. Each was promptly frozen 

—20°C in a freezer kept in the unit. Stools were 
subsequently weighed, with subtraction for the 
weight of the liner, and freeze-dried. After thorough . 
homogenisation they were analysed for energy by 
ballistic bomb calorimetry, in quadruplicate or 
quintuplicate, and for nitrogen by the Kjeldahl 
technique in duplicate. 

Urine volume was calculated from the weight of 
the napkins, which were then separated from their 
plastic backing and pulped in a bucket containing a 
known volume of water (allowed for in the calcula- 
tions). After thorough mashing, the homogenate was 
filtered through a large vacuum funnel and aliquots 


“were freeze-dried for bomb calorimetry and the 


Kjeldahl nitrogen analysis. Water blanks were used 
to ensure that no nitrogen was recoverable from 
unsoiled napkins. Vomit pads were treated in the 
same way as the urine, and their calculated energy 
and nitrogen content was subtracted from the intake 
for the day. Digestible energy was defined as dietary 
energy minus faecal energy. Fat absorption coefficient 
was defined’as dietary fat—faecal fat/faecal fat x 100. 
Nitrogen retention was defined as dietary N minus 
urine and faecal N. 


Growth measurements. All infants were weighed daily 
to the nearest 10g increment ona well-calibrated beam 
balance (Marsden Weighing Machines, London). 
Weight gains were expressed as g/kg a day, where the 
denominator was the mean body weight over the 
measurement period. The following twice weekly 
measurements were also made: (1) Crown-to-heel 


— 
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length, to the next succeeding mm on a horizontal 
stadiometer.2” (2) Upper arm length, to the next 
succeeding mm, measuring from the shoulder to the 
flexed elbow with a caliper.?8 (3) Occipito-frontal 
head circumference, to the next succeeding mm 
using a paper tape trimmed to exact zero. (4) Mid- 
upper arm circumference, using paper tape in the 
same way as for head circumference and taking 
particular care not to compress the tissues. (5) Biceps, 
triceps, and subscapular skinfolds,” using a 
Harpenden caliper (British Indicators Limited), the 
readings being taken when the jaws had ceased 
contracting on the fold. (6) Upper arm fat area?’ was 
calculated from mid-upper arm circumference, 
biceps, and triceps skinfold using the formula: fat 
area=arm area minus lean area, where: lean 
area=~ farm circumference —f (triceps-+ biceps 


4 


skinfold)].2 


Metabolic monitoring. Weekly measurements of urea, 
electrolytes, and acid base status were made and 
urine specific gravity was monitored. 


Analysis of results. Data on energy and nitrogen 
balance in preterm infants are likely to be skewed 
because of the effects of the varying degree of 
immaturity. However the study design ensured 
adequate pair matching between infants fed on 
Pre-Aptamil and those fed on Osterfeed and EBM 
(Tables 2 and 3). The results for these 3 feeds were 
therefore compared using Student’s t test. Fewer 


infants were studied on Milumil because this 
formula was not particularly well tolerated by pre- 
term infants. However, the mean gestation and age at 
study in this group did not differ from the other 
groups, so the results of Milumil feeding were 
compared with the others in the same way. Because 
standards for intrauterine growth in weight, length, 
and head circumference are available!®%! the 
postnatal increments in these measurements in our 
infants were compared as a percentage of the 50th 
centile of an intrauterine standard during the same 
postconceptional age period. These results are 
expressed as coefficients of weight, length, and head 
growth. Growth rates the same as the intrauterine 
standard are expressed as unity, and greater or lesser 
rates as positive or negative percentages of the 
standard rate. 


Results 


Table 5 shows the results of intake, outputs, balances, 
and the growth measurements made during the study 
periods in the 4 groups of infants, and Table 6 
gives the comparisons which reached statistical 
significance. There was no significant difference in 
the volumes of feed per kg given daily to the infants 
in each group, hence energy intake was higher in the 
group fed Pre-Aptamil than in the other groups, 
since Pre-Aptamil has a higher energy density. 
There was rather poor fat absorption on Milumil 
but energy digestibility and retentions were similar 


Table 5 Intake, output, balance, and growth data in the 4 groups of infants (meani.SD) 





EBM 

(11 infants) 
Volume intake (ml/kg a day) 20537 
Energy intake (kcal/24 h} 216453 
Energy intake (kcal/kg a day) 136117 
Urine output (ml /kg a day) 131419 
Stool weight (2/24 h} 13-2+-8-0 
Stool energy (kcal /24 h) 484-24 
Digestible energy (%) 76416 
Metabolisable energy (kcal/kg a day) 1053424 
Fat intake (2/24 h) + 
Faecal fat (g/24 h) 4.24-1-6 
Fat absorption coefficient (%) = 
Nitrogen intake (mg/kg a day) 5524-156 
Faecal nitrogen (mg/kg a day} 84438 
Urinary nitrogen (mg/kg a day) 206+70 
Nitrogen retention (mg/kg a day) 262 +100 
Weight gain {g/kg a day) 15-645-4 
Weight gain coefficient (°) —18425-7 
Length gain (mm/week) 8-44:2-5 
Length gain coefficient (%%) —16-24-24-7 
Head circumference gain (mm/week) $-343-6 
Head circumference gain coefficient (%) 27 -9429-4 
Upper arm, length (mm /week} 0-22+0-04 
Arm circumference (mm/week) Q-314:0-23 
Biceps skinfold (mm/week) 0-2340-24 
Triceps skinfold (mm/week) 0-23+40-14 
Subscapular skinfold (mm/week) 0-20+6-25 


Arm fat area (mm2/week) 12-3-+-5-0 





* Not measured. 





Pre-Aptamil 
U0 infants} 


20147 21046 208 1:7 
253451 231-440 256452 
151412 145414 143412 
118-418 132421 114415 
17-14:9-7 17-647-6 32-149-1 
48 4:30 51425, 84421 
81411-5 7714:12 6610-7 
{22411 1134.16 1054-10 
11-84:2-2 12-142-3 10-942-2 
3-14:2-4 3-542-4 $-942-0 
T4419 70421 454-19 
613458 399 4-42 586455 
2219 944.40 78 4:26 
230457 121427 228470 
322-467 1854-50 280439 
21-545-2 15-344-9 13-74:5-1 
10-94:26-1 —13-2439-8 
14-0+6-6 8-64:3-7 8-443-1 
45-24-66 —14:74.44-3 
11-342-8 9-f42-1 7-3416 
76-3 445-9 40-5434-9 
0-2640-14 0-214-0-07 0-194-0-06 
0-574-0-28 0-3840-17 0-3340-21 
0-5140-60 0-26+0-20 0-203-0-22 
0-644.0-38 0-352:0-20 _'0:264.0-18._ 
0-4240-39 0-4440-22 gO 28£0-27 X 
23-8412-7 16-045-3 ; ai 





Osterfeed 
(11 infants) 


Milumil 
{5 infants) 
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in the infants on the other 3 feeds. Fat intake was 
not measured in the EBM group but it is worth 
noting that faecal fat was no lower in this group than 
in the others. Nitrogen intakes were fairly high on 
EBM, reflecting the higher N content of preterm 
mothers’ milk.®* Nitrogen absorption from EBM 
was however no better than that of the other milks. 
The milk with the highest N content (Pre-Aptamil) 
gave the best N absorption and retention. Ab- 
sorption of N from Osterfeed was comparable with 
that of EBM and Milumil, but N retention was 
significantly lower on this formula despite lower 
urine N losses. Thus the N content of this formula 
may not be sufficient for small preterm infants. In 
all the growth measurements except one (sub- 
scapular skinfold thickness) infants showed greatest 
increments on Pre-Aptamil. This trend reached 
statistical significance in many of the comparisons 
(Table 6). The improved nitrogen retention, linear 
growth, and head growth show that the infants were 
not simply depositing fat. Growth of infants on 
EBM was comparable with that of the group on 
Osterfeed. Blood urea was higher in infants on 
Pre-Aptamil and Milumil than on Osterfeed 
(P<0-05), but not EBM. There were no significant 
differences in electrolytes or acid-base status 
(Table 7). 


Table 6 Significant differences in nutritional and 
growth data in the groups of infants on the different feeds 





Measurement compared Comparison groups t P< 
Energy intake (kcal/kg) Pre-Aptamil > EBM 2-2 005 
Stool weight Milumil > Pre-Aptamil 2.7 0-05 
Faecal energy Milumil > Pre-Aptamil 2-7 0-05 
Milumil > Osterfeed 2-8 005 
Milumil > EBM 3-1 O-O1 
Digestible energy Pre-Aptamil > Milumil 2-3 0-05 
Energy balance Pre-Aptamil > Milumil 2-7 0-05 
Faecal fat Milumil > Pre-Aptamil 2-6 6-05 
Osterfeed > Milumil 2-3 0-05 
Fat absorption coefficient Pre-Aptamil>Milumil 2-6 0-05 
Nitrogen intake (mg/kg) Pre-Aptamil>Osterfeed 8-9 0-001 
Faecal nitrogen Osterfeed > Pre-Aptamil 4-9 0-001 
EBM > Pre-Aptamil 4-3 0-001 
Urinary nitrogen Pre-Aptamil>Osterfeed 5-2 0-001 
EBM > Osterfeed 3-2 Q-01 
Retention of nitrogen EBM > Osterfeed ~ 2-2 005 
Pre-Aptamil>Osterfeed 4-9 0-001 
Milumil > Osterfeed 4-6 9-001 
Weight gain (g/kg) Pre-Aptamil > EBM 2-5 0-05 
Pre-Aptamil>Osterfeed 3-0 0-01 
Pre-Aptamil > Milumil 2-6 0-05 
Weight gain coefficient Pre-Aptamil > EBM 2-5 0-05 
Length gain (mm/week} Pre-Aptamil > EBM 2-5 0-05 
Pre-Aptamil>Osterfeed 2-5 06-05 
: Pre-Aptamil > EBM 2-8 0-01 
Length gain coefficient Pre-Aptamil>Osterfeed 2-6 0-05 
Head growth (mm/week) Pre-Aptamil>Osterfeed 2-2 0-05 
Pre-Aptamil > Milumil 2.7 0-05 
Pre-Aptamil > EBM 2-8 0-0 
Head growth coefficient Pre-Aptamil>Osterfeed 2-1 0-05 
Arm circumference Pre-Aptamil>Ostérfeed 2-1 0-05 
Pre-Aptamil > EBM 2.2 Q-05 
Triceps skinfold ‘Pre-Aptamil>Osterfeed 2-1 0-05 
Arm fat area Pre-Aptamil > EBM 2-4 9-05 





Table 7 Metabolic blood measurements on the various 
feeds 





EBM Pre-Aptamil Osterfeed Milumil 
Blood urea 2-9O42-8 5-342-3 2-3+2-1 5-143°4 
(mmol /I) 
Capillary blood pH 7-33 7-30 7-32 7-29 
Base excess —2+3 —4-9 —~2+1 4-2 
(mmol/1) 
Plasma sodium 131 137 134 135 
(mmol/l) 





To assess the effect of weight, postconceptional 
age, and postnatal age on energy and nitrogen 
balance, correlation coefficients were calculated for 
all infants. These were as follows: 


r 

Weight versus digestible energy -+0-09 NS 
Weight versus N digestibility +0-01 NS 
Weight versus N retention +-0-09 NS 
Postconceptional age versus 
- digestible energy -4-0-35 <Q-05 
Postconceptional age versus 

N digestibility —0-06 NS 
Postconceptional age versus 

N retention +0-11 NS 
Postnatal age versus 

digestible energy +0-25 NS 
Postnatal age versus-digestibility +0-19 NS 
Postnatal age versus N retention +0-14 NS 


Digestible energy was not correlated with nitrogen 
retention (r—0-13). 


Discussion 


Study design and methods. The aim of the study was 
to make nutritional comparisons of preterm infants 
fed with breast milk and formulae. Most existing 
studies are unsatisfactory in this respect because 
the infants are not comparable (owing to variations 
in postconceptional and postnatal age at the time of 
study) or because the study periods are too short. 
The importance of this is shown in our measurements 
where, even though good matching was achieved 
between the groups, there was considerable variation 
in the results depending on whether they were 
compared as absolute values or as coefficients of 
standard growth during the same postconceptional 
time period. It is important that the problems of 
obtaining adequate comparison groups are 
recognised when interpreting the results of such 
studies. Crossover designs resolve some of the 
problems but new ones emerge—such as changing 
digestive function and growth potential due to 
maturation—which may cause even greater 
difficulties if adequate periods of growth are to be 
studied. 
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General aspects of the balance results. Although the 
main purpose of the study was to compare feeds, 
some general comments on the energy and N 
balances can be made. Fourteen of the infants 
weighed <1500 g at the time of the study. Data on 
very low weight infants are scarce and are particularly 
valuable. However, our values for energy digestibility 
and N retention were little different from those of the 
larger infants (74-3 compared with 77-4% and 
246 compared with 255 mg N/kg a day respectively). 
Thus weight alone is not of great significance in 
infants >1000 g and was not found to be correlated 
with energy and nitrogen absorption. More data are 
needed on infants <1000 g. Surprisingly we were 
unable to demonstrate any important effect of 
postconceptional and postnatal age on nitrogen 
retention, although there was a significant improve- 
ment in energy digestibility with increasing post- 
conceptional age. f 

If energy intake is low nitrogen retention is 
impaired because protein is used for energy. We 
could not show that improved energy balance 
resulted in greater N retention in our infants, 
indicating that at the time of the studies energy 
balance was not a limiting factor in the utilisation of 
protein for growth. 


Comparison of feeds. Some specific points about the 
performance of the feeds are worth making. Breast 
milk varied greatly in composition. This makes it 
difficult to monitor energy and protein intakes in 
clinical practice, and is a problem that we and others 
have raised before.’ 1° The fairly high N content did 
not reflect an equivalently high content of utilisable 
protein, since urine N losses were nearly twice as 
great as in the infants fed Osterfeed, whose protein 
content approximates mature human milk, and the 
proportion of N retained was about the same 
(~47 %). It was notable also that energy digestibility 
was no better on human milk than on the formulae 
(with the exception of Milumil), and faecal fat 
excretion was similar. Although the digestibility 
of human milk fat is generally considered to be 
better than that of formulae, the properties of human 
milk may not entirely overcome the physiological 
handicaps of the very immature in relation to fat 
absorption, and heating also impairs the digestion of 
human milk fat.” It may also impair N absorption or 
biological value since recent work in very immature 
infants has shown better N retentions on unheated 
human milk than we found.®* Infants fed human 
milk in our studies tended to grow the slowest. 
Milumil, a formula designed for term infants, was 
unsuitable for the preterm despite its higher protein 
content. N retention was good but fat digestion poor. 
This may be due to its high saturated fat content 


(53.5%). A comparison with Osterfeed, also designed 
for term infants, is interesting. Fat absorption from 
Osterfeed was significantly better, but N absorption 
and retention were worse. Osterfeed has a 60:40 
whey-casein ratio, compared with 20:80 in Milumil, 
and this whey-predominant protein, similar to human 
milk, is said to improve its digestibility.*4 It does not 
appear to do so. The better fat absorption from 
Osterfeed is probably related to its high unsaturated 
fat content (61%) and fairly low content of C16 
and C18 in the « positions on the triglyceride 
molecule.®® . 

The infants grew fastest on Pre-Aptamil. This 
formula, providing a modest increase in energy 
density and a higher protein content, gave the best 
results on all the measured nutritional parameters. 
The variability of these measures is such that it is 
difficult to show significant differences without large 
numbers. Nevertheless the main differences between 
Pre-Aptamil and the other milks appeared to be in 
protein rather than energy nutrition, and the increase 
in linear growth on this formula is worth comment. 
It is possible that other nutrients may have con- 
tributed to the increased growth, for example 
sodium, and we cannot be certain which. were the 
most important factors. It is often stated that growth 
should not be considered the only (or even the main) 
criterion of feed performance, and it cannot be 
denied that survival is the first priority. However, 
with modern neonatal care the type of feeding has 
not been shown tc influence survival. From a purely 
nutritional viewpoint good growth should be the 
main criterion of success, and there seems no reason 
not to aim for the best possible rate, at Jeast until this 
has been shown to be undesirable. There is certainly 
no justification In using intrauterine growth rate as, 
the standard to aim for, since postnatal growth is 
qualitatively quite different.** Neither is there any 
justification for saying that the slower growth of 
preterm infants on EBM is more desirable than the 
faster growth of infants on specially adapted 
formulae. If such growth were principally in fatness, 
and fat accretion rates may certainly be higher,®’ 
there would be legitimate concern about later obesity, 
but there is no evidence that formula-fed preterm 
infants become unduly fat later,?® and our data show 
that linear measurements and head growth are 
improved with the use of a suitable formula. 

We believe that it is reasonable to aim for maxi- 
mum growth in preterm infants, since this is likely 
to be limited only by genetic potential so long as 
the necessary substrates are provided. It may be 
easier to achieve this on a formula than on breast 
milk. Atkinson et a/.2* have demonstrated marginally 
better growth and improved nutritional balances. in 
infants on mother’s own milk than in those on 
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banked milk, but we regard the variability of mother’s 
own milk as a major disadvantage in day-to-day care 


of 


small infants. There are immunological and 


emotional arguments in favour of breast milk but 
we see the nutritional aspects of feeding as more 
important. 
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Effects of dietary fibre and exercise on mid-morning 
diabetic control—a controlled trial 


J H BAUMER, J A DRAKEFORD, J WADSWORTH, AND D C L SAVAGE 
Department of Child Health, Royal Hospital for Sick Children, Bristol 


SUMMARY ‘Twenty-one insulin-dependent diabetic children completed a trial of 4 different breakfasts, 
given in random order. Three diets differed in fibre content. The fourth diet contained soya beans as 
part (38 %) of the dietary fibre source. Children collected capillary blood samples on to filter paper 
strips which were analysed for blood glucose content. Each morning the children were asked to 
exercise vigorously for an hour and to rest for an hour, resulting in comparable rest and exercise 
periods for each child. Mean initial blood glucose levels on the 4 diets were not significantly different. 
The low-fibre diet resulted in the highest blood glucose concentrations after breakfast. Blood glucose 
levels on the high-fibre diet did not differ from those on the medium-fibre diet. The bean diet produced 
the lowest mean blood glucose level and the smallest reduction in blood glucose level in the hour 
before lunch. All the children found the bean diet unacceptable but liked the high- and medium-fibre 
diets, which were as popular as the low-fibre diet. The level of prescribed exercise had no effect on 
the level of blood glucose. It appears that the potentially major benefits from beans are limited by 
their unpalatability. The more acceptable cereal fibre produces a smaller but important benefit on 


morning hyperglycaemia after breakfast. 


Mid-morning hyperglycaemia is a major problem in 
the diabetic child, even if control is fairly good during 
the rest of the day. Diets rich in natural fibre have 
been shown to reduce post-prandial hyperglycaemia 
and improve diabetic control in’ insulin}-* and 
noninsulin-dependent?* adults. Indeed, the British 
Diabetic Association now recommends a high-fibre 
diet for all diabetics. Beans as the source of dietary 
fibre result in an exceptionally low blood glucose 
response.’ 8 

Experiments in vitro® confirm the slow release of 
glucose from beans during the process of digestion, 
but this is probably not the only mechanism, as 
improved glucose tolerance continues for up to 4 
hours. Unfortunately, legumes are not acceptable 
in large quantities partly because they involve a major 
departure from the normal British diet, and partly 
because of unpleasant side effects, including increased 
stool bulk and flatus production. 

In the only study} in diabetic children on the 
effects of dietary fibre, no attempt was made to 
differentiate the effects of beans from other sources 
of dietary fibre. Without such information, there is 
no rational basis for advising diabetic children and 
their families to increase the dietary fibre content, 
unless this includes regular beans. The aim of the 
present study was to compare the benefits of beans 


and other dietary fibre sources in reducing morning 
hyperglycaemia in children. It was also designed to 
assess the effects of short periods of exercise on 
diabetic control. 


Method 


Twenty-eight insulin-dependent diabetic children 
were asked to provide capillary blood samples on 8 
mornings, while eating 4 different breakfasts and 
mid-morning snacks. Twenty-four of the children 
provided suitable blood spots, and 21 completed the 
study. All the children were thought to be reasonably 
well controlled, were aged between 74 and 16} years 
(median 12 years 10 months), and had been diagnosed 
from 7 months to 10} years (median 3 years). 
Insulin dosage varied between 0-4 and 1-5 (median 
0-9) units per kilogram a day. Insulin (a combination 
of a short- and long-acting insulin) was injected 
30-45 minutes before breakfast; neither the insulin 
dosage nor the timing of injections was altered 
during the study. Three of the 4 diets differed only in 
the fibre content (Table). The fourth diet was 
similar to the high-fibre diet, except that 38% of the 
fibre source was from soya beans.* All 4 diets 
contained similar amounts of carbohydrate, fat, and 


*Canned soya beans supplied by Granose Food Company, 
Watford, Herts. l 
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Table Food constituents of the 4 diets 





Diet Food Calories 

High fibre (2-8 g of fibre per 100 calories) 

Breakfast 15 g Weetabix 51 
15 g bran 11 
200 mi milk 130 
40 g wholemeal bread 86 
Totals 278 

Snack 20 g Ryvita 64 
10 g peanut butter 62 
90 g apple 40 
Totals 166 

Medium fibre (0-8 g of fibre per 100 calories) 

Breakfast 15 g cornflakes 35 
200 mi milk 130 
40 g white bread 93 
Totals 278 

Snack 20 g cream cracker biscuits 88 
10 g cheese spread 28 
120 ml unsweetened orange jrice 40 
Totals , 156 

Low fibre (0-3 g of fibre per 100 calories) 

Breakfast 15 g Rice Krispies 56 
150 ml milk + 10 g Marvel 134 
30 g white bread 70 
5 g ordinary jam 13 
Totals 273 

Snack 36 g (1) Wagon Wheel biscuit 166 

Beans (1-5 g of fibre per 100 calories) 

Breakfast 40 g wholemeal bread 87 
213 g soya beans 252 
Totals 339 

Snack 20 g Ryvita 64 
107 g soya beans l 126 
Totals 264 


Fibre (g) Carbohydrate Fat Protein (g) 
1-9 10-5 0-5 1-7 
2-2 1-4 0-3 0-7 
— 9-4 7-6 6-6 
3-4 16-7 1-1 3-5 
7-5 38-0 9.5 12-5 
2-3 14-] 0-4 1.9 
0-8 1-3 5-4 2:3 
1-8 10-7 — 0-3 
4.9 26-1 5-8 4-§ 
1-7 12-7 0-2 1-3 
9.4 7.6 6-6 
L-i 20-0 : 0-7 3+] 
2°8 42-1 8-5 11-0 
0°6 13-7 3-3 1-9 
— 0-1 2-3 1-8 
— 10-2 — 0-5 
0-6 24-0 5-6 4.2 
0-7 13-2 0-3 0.9 
Za 12-3 5-8 8-6 
0:8 14-9 0-5 2-3 
— 3-4 — 0-03 
1-5 43-8 6-6 11-8 
— 24.5 6-9 1-5 
3-4 16-7 1-1 3:5 
2-3 25-6 8.3 20.2 
5:7 42-3 9-4 23:7 
2-3 14-1 0-4 1-9 
1-2 12-8 4-2 10-1 
3-5 26-9 4-6 12-0 





calories, and had the same fluid content (520 ml). 
There was a higher protein content in the bean diet. 
The 4 diets were given in random orcer, each one 
repeated on 2 consecutive mornings. Capillary blood 
samples were taken by the children thenselves using 
an autolet on to filter paper strips immediately 
before, and 30, 60, and 120 minutes after both 
breakfast and the mid-morning snack {7 samples in 
all}, and the samples sent to the léboratory for 
blood glucose analysis, using a mocified glucose 
oxidase method.” 

Statistical significance was assessed asing analysis 
of variance on the results from the 21 children 
completing the test. Blood glucose levels at the 7 
times during the morning were compared on the 
4 diets. : 


Each day the children were asked to exercise 
vigorously for an hour and to rest for an hour 
before the snack and before the last blood glucose 
estimation, before lunch. These two periods of 
exercise and rest were alternated each day, resulting 
in 8 pairs of comparable exercise and rest periods for 
each child. Differences in blood glucose changes 
between the exercise and rest periods were estimated 
for each child. No attempt was made to quantify the 
amount of exercise taken; the children were asked to 
exercise vigorously in whatever way they liked. In 
practice, cycling, running, and walking were the 
most common forms of exercise, but many children 
undertook a wide variety of activities. 

The study was approved by the District Ethical 
Committee. 
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Results 


Therewas nosignificant difference in the fasting blood 
glucose levels before the 4 diets. With the bean diet 
the mean blood glucose level one hour after breakfast 
was 5-2 mmol/l (93-7 mg/100 ml) lower than on the 
low-fibre diet, and 3-4 mmol/l (61-3 mg/100 ml) 
lower than on the high-fibre diet (Fig. 1). The mean 
blood glucose level wassubstantially lower(P <0-001) 
on the bean diet than on all other diets up to half an 
hour after the snack and remained significantly 
lower (P<0-01) for a further half hour. There 
was no significant difference in the mean blood 
glucose levels between the high- and medium-fibre 
diets at any time. The low-fibre diet resulted in 
higher (P<0-05) mean blood glucose values than 
the medium-fibre diet from one hour after breakfast 
to one hour after the snack. The mean blood glucose 
level 2 hours after the snack fell significantly less 
(P<0-05) with the beans than with the other snacks 
(Fig. 2). 

There was no significant change in blood glucose 
level with exercise. The average change after exercise 
was —2-1 mmol/l (—37-8 mg/100 ml), and after the 
rest period —2-2 mmol/l (—39-6 mg/100 ml). 
The blood glucose level at the time that exercise was 
taken had no influence on its effects. Estimation of 
type IT errors indicated that there was a 5% chance 
of missing a difference of 0-7 mmol/l (12-6 mg/100 
mi) in change in blood glucose level owing to 
exercise, 

Twenty of the children were asked which diet they 
preferred. All except one disliked the bean breakfast 
and ‘snack. Half the children thought the low-fibre 
diet the most enjoyable. All except one were already 
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eating a medium- or high-fibre diet (this was being 
encouraged in the clinic at the time of the study).. 

Symptomatic hypoglycaemia was reported by only 
one child on 2 mornings before lunch, once with the 
high-fibre diet and once with the beans, 


Discussion 


Diabetic control is notoriously difficult to gauge 
accurately, although its assessment has been 
greatly improved by the advent of glycosylated 
haemoglobin measurement and home blood glucose 
monitoring. These two methods confirm the poor 
quality of control in most children with diabetes.!4 
Two recent studies?” 18 show the high blood glucose 
levels that occur on both once- and twice-daily 
insulin regimens, especially after breakfast. Post- 
prandial hyperglycaemia may be reduced by 
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increasing the time between the morning injection 
and breakfast,” and further improvement may be 
obtained through dietary changes—-for example, by 
altering the quality or reducing the load of carbo- 
hydrate at breakfast. There is still controversy about 
the optimum carbohydrate content of diabetic 
diets,® and wide variations occur in clinical 
practice.!® In our study, carbohydrate contributed 
between 51 % and 61 % of the calories at breakfast. 

We have demonstrated in a short-term study that 
hyperglycaemia after breakfast can be prevented by 
using beans as the major source of carbohydrate; 
longer-term studies in adults* and children! have 
demonstrated a concomitant reduction in fasting 
blood glucose. Compared with the other diets, beans 
also resulted in a smaller decrease in blood glucose 
between the snack and lunch, suggesting that 
prolongation of glucose absorption, as shown in 
vitro by Jenkins et al.,° is one cause of the reduced 
hyperglycaemia. We confined our investigation to 
blood glucose, but studies in adults? show a 
lowering of blood cholesterol and triglyceride 
concentrations. 

The children did not like the beans. Four failed to 
start the study because they could not face eating the 
beans, and a further 3 children did not complete the 
study because they found the beans unpleasant. 
Many of those who ate the beans complained of 
nausea and some of diarrhoea. A number made it 
clear that they would not be prepared to eat the beans 
again. Beneficial effects from popular ‘baked beans’ 
(haricot beans in tomato sauce) are prevented by the 
large quantities of added sugar,’ but other types of 
bean are likely to provide acceptable recipes. In this 
study beans formed only 35-40% of the dietary fibre 
content on the days that they were used but even 
smaller quantities may help to prevent hyper- 
glycaemia. However, it seems unlikely that many 
children could be persuaded to eat beans regularly 
without substantial changes in their families’ dietary 
habits. 

The fibre content of the medium-fibre diet 
corresponds closely to that of the average British 
diet.2° We failed to demonstrate any difference in 
blood glucose levels between this diet and the one 
with a high-fibre content. Both diets significantly 
reduced the hyperglycaemia after breakfast com- 
pared with the low-fibre diet. Although most 
children in the study found the high level of cereal 
fibre acceptable, there is no evidence in children of 
benefit from high-fibre diets unless these include 
beans, either from this study or that cf Kinmonth 
et al However, appreciable long-term benefits may 
be obtained from the avoidance of low-fibre foods. 

It is beneficial for diabetic patients to exercise 


regularly,”" but in this study we have not shown any 
lowering of blood glucose level from short periods of 
exercise in a study designed to show even small 
benefits. This is surprising as the exercise was 
conducted at a time when high circulating insulin 
levels would be expected.” However, as the intention 
of the study was to show the effect of the type of 
exercise that these children normally take, the 
amount of exercise taken varied considerably. The 


children may have failed to follow the instructions ` 


correctly, although all appeared to have exercised at 
the correct times. ms 

Our study confirms the frequency of hyper- 
glycaemia after breakfast in diabetic children. Beans 
virtually abolish the post-prandial hyperglycaemia 
without increasing the risk of hypoglycaemia or 
requiring the dose of insulin to be altered. Until more 
acceptable bean recipes are found, diabetic children 
and their families should be encouraged to avoid 
highly refined foods. 


We thank Angela Brimble for the blood glucose 
analyses and Margaret Roberts for secretarial help. 
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Is oral rice electrolyte solution superior to glucose 
electrolyte solution in infantile diarrhoea ? 


F C PATRA, D MAHALANABIS, K N JALAN, A SEN, AND P BANERJEE 
Kothari Centre of Gastroenterology, Calcutta Medical Research Institute, and NRS Medical College and 


Hospital, Calcutta, India 


SUMMARY In a controlled trial of oral rehydration therapy, a rice-based electrolyte solution was 
evaluated in a group (n=26) of infants and young children aged between 3 months and 5 years with 
moderate to severe dehydration owing to acute diarrhoea, and the results were compared with a 
matched control group (n=26) receiving WHO recommended glucose electrolyte solution. The 
former was found to be more effective than the latter as shown by an appreciably lower rate of 
stool output, a shorter duration of diarrhoea, and a smaller intake of rehydration fluid. 


Glucose mediated enhanced sodium absorption 
forms the basis of oral rehydration therapy in 
diarrhoea.1 Glucose being expensive is not universally 
available so other carrier substances—such as 
sucrose—are used.” Rice on hydrelysis yields 
glucose, amino-acids, and oligopeptides which 
would enhance sodium absorption through inde- 
pendent carrier systems. This study describes a 
randomised trial of a rice-based oral electrolyte 
solution and compares it with the standard WHO 
recommended glucose electrolyte solution in infants 
and young children with dehydration caused by 
acute diarrhoea. 


Patients and methods 


Fifty-two children aged between 3 months and 
5 years with acute watery diarrhoea and signs of 
moderate to severe dehydration* were studied. The 
nature of the study was clearly explained to the 
parents, and written consent was obtained from 
them before the child was included in the study. 
Each child was weighed naked using a balance with a 
sensitivity of 1 g. The child was then randomly 
assigned to either of the two treatment groups by 
the use of sealed envelopes. The clinical features of 
the children were comparable (Table 1). 

Children in the control group received an oral 
solution containing sodium 90 mmol/l, potassium 
20 mmol/l, chloride 80 mmol/l, bicarbonate 30 
mmol/l, and glucose 111 mmol/l; children in the 
study groups received an oral solution with an 
identical electrolyte composition, except that the 
glucose was replaced by 50 g/I of ‘pop-rice’ powder. 


Pop rice is prepared by popping unhusked rice 
(paddy) on heated sand. It is a traditional rice snack 
universally consumed in the Indian subcontinent. It 
was procured from the market and made into a 
powder form and dissolved in the rehydration fluid 
before use. The rehydration solution was fed ad lib. 


Table1 Presenting features, nutritional status, 
and aetiological agents 


Control Study group 
group {n=26) 
(n=26) 
Age median (months) 18 24 
3 months—3 years 20 22 
>3 years-5 years 6 4 
Duration of diarrhoea {hours} before 
admission (mean + SE) 26-8S45-8 27-446+1 


History of vomiting 
Number of patients 20 19 


Mean duration (hours) + SE 19-94+-5-3 16-843-8 
Weight on recovery for age as 
% of Harvard median 
280% 2 5 
70-79% I1 5 
60-69%. 9 9 
<60% 4 7 
Pathogens isolated 
Vibrio cholerae el tor 8 7 
Shigella sp. I 0 
Rotavirus 4 7 
Enterotoxigenic Escherichia coli 3 2 
Heat stable and heat labile 2 0 
Heat stable | 1 
Heat labile 0 1 
Combined infection 
Enterotoxigenic 
E. coli + F. cholerae ol 1 
Enterotoxigenic 
E. coli + rotavirus ` 0 1 
F. cholerae + rotavirus 0 1 
Total positive (°%) 14 (53-83%) 13 (50% 
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by cup and spoon or directly from a cup. The volume 
ingested was recorded. Stool output was measured. 
Altogether 58% of the children in the control and 
69% in the study group were breast fed. The feeding 
regimen has been described previously.’ 


Laboratory investigations 


Blood chemistry and stool test for pathogens were 
carried out using methods which have been pre- 
viously described.4® Protein content of rice was 
determined by the micro-Kjeldahl method. Statistical 
analysis was done using Student’s f test. 


Results 


Two patients in each group could not be rehydrated 
orally owing to excessive vomiting and diarrhoea that 
required intravenous therapy. They were excluded 
from analysis. The remaining patients responded 
well to oral therapy (Tables 2 and 3). Rice-based oral 
fluid was accepted well. All patients recovered by 
72 hours as judged by passage of formed or semi- 
solid stool. The initial 24-hour and total stool output 
were significantly lower in the study group compared 
with the control (Table 2). The study group also 
consumed less rehydration fluid. Although the mean 
weight gain at 6, 24, and 48 hours was greater in the 
study group than in the control one the differences 
were not significant. Enteropathogens isolated were 
comparable in both groups (Table 1). Protein content 
of ‘pop-rice’ was 87 g/kg and on in-vitro acid hydro- 


Table 2 Clinical course, weight gain, stool output, 
oral rehydration solution, plain water intake, and 
duration of diarrhoea during treatment 


Control group Study group 
(n=24) (n=24) 


Vomiting after admission 
Number vomited i 15 10 


Mean duration (hours):+SE 5-0-+0-8 4-3+10-6 
First urine voided within 12 hours 100% 100% 
Mean weight gain (% of recovery weight + SE) 

6 hours 3-24+0:-6 4-344-0-7 

24 hours 4-62+0-6 6-48+0-7 

48 hours 5-584+40.7 6:48 4-0.9 

Recovery 7-234+0:7 7-8440-9 
Mean stool rate, ml/kg (SE) 

First 6 hours 60+9-1 38+5-0* 

First 24 hours 166-+23-2 97-+16-0* 

Total 253+39-0 129+-27-0** 
Mean oral rehydration solution 

intake, ml/kg (+SE) 

First 6 hours 111412.3 96+4-10-6 

First 24 hours 268 +35.4 186-4-20-0 

Total 366454-2 234 +30-4* 
Duration of diarrhoea (hours) 

(mean + SE) 4344-5 30+-4-0* 
Total plain water intake, ml/kg 

(mean + SE) 95+15-9 91-5+16-4 


*P<0-05, **P<0-02. 


Table 3 Biochemical values (mean + SE) during 
the study period 


Control group Study group 
(n=24) (n=24) 
Plasma specific gravity 
Admission (0 hours) 1-029+0-001 1-:-028+0-001 
6 hours 1-026+0-001 1-025+0-001 
Recovery 1:-0234+0-001 1-022-+0-001 
Haematocrit (%) 
Admission (0 hours) 40-3-+1-5 39-5+1-1 
6 hours 33-541:-7 32°-5+1-2 
Recovery 31-2+0-6 31-6+0:-5 
Serum sodium (mmol/l) 
Admission 127-2+1-5 126-7+1:0 
Recovery 129-6+1-2 129-3+41-3 
Serum potassium (mmol/f) 
Admission 3-7+0-2 4-0+0-2 
Recovery 4-0+0:-2 4-0+40-1 


lysis it liberated 700 g/kg of glucose. In the study 
group the mean (+ SE) calorie and protein intakes 
from rice-based solution alone were 40 (+ 5-3) cal 
and 1-02 (+ 0-13) g per kg body weight respectively 
during an average period of 30 hours. 


Discussion 


Rice is cheap, easily obtained (eaten by 60% of 
world population), simple to pack (salts alone need 
to be packaged), and safe (larger quantities if used 
are unlikely to produce osmotic diarrhoea). In this 
study 50 g of precooked rice used in place of 20 g of 
glucose in oral rehydration fluid for infants and small 
children with acute diarrhoea was found to be more 
effective than the WHO recommended glucose 
electrolyte solution as judged by stool output, 
amount of rehydration fluid consumed, and the 
duration of diarrhoea. Hence rice-based oral 
solution could be regarded as superior to the 
extensively tested glucose electrolyte solution, the 
latter being the most effective oral rehydration 
solution known so far. In the study group the larger 
quantity of carbohydrate and the protein content of 
rice-based solution provides an additional nutritional 
advantage over glucose electrolyte solution. 

A recent study® in adults and older children 
(>5 years) with cholera and enterotoxigenic 
Escherichia coli diarrhoea showed that oral 
electrolyte solution containing 30 g/l of cooked rice 
powder was as effective as a sucrose electrolyte 
solution. 


We thank Dr P K Talukdar, Dr S Roychoudhury, 
and Dr MI Huq for assistance. 
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Neurological complications of arterial hypertension 


R S TROMPETER, R L SMITH, R D HOARE, B G R NEVILLE, AND C CHANTLER 
Evelina Children’s Department and Department of Radiology, Guy’s Hospital, London 


SUMMARY During a 10-year period 45 children were identified as having had neurological com- 
plications associated with severe arterial hypertension. Convulsions were the most common compli- 
cation, occurring in 42 (92%) children. Two (4%) children each presented with a facial palsy and 2 
(4%) with alterations in the level of consciousness. Nineteen (42%) presented with epileptic seizures 
as the first sign of arterial hypertension. The prognosis for children having had a single episode of 
hypertensive encephalopathy was good. Long-term follow-up showed no permanent neurological 
deficit on physical examination, and no focal abnormality on brain scan by computerised 
tomography. Psychometric analysis similarly failed to show any significant difference in cognitive 
assessment between children having had an episode of hypertensive encephalopathy and a control 
group with chronic renal disease, although reading skills were generally behind for chronological age 


and the average IQ was about 90 in both groups. 


Previous reviews have paid little attention to central 
nervous system involvement in hypertension, 
although studies from centres quote an incidence of 
complications occurring in 8 to 11% of hypertensive 
children.12 More recently there have been several 
comprehensive case reports documenting complica- 
tions encountered after the treatment of severe 
hypertension both in adults and children.2-> Cuneo 
and Caronna® proposed that the neurological 
complications of hypertension could be classified 
into three syndromes which differ clinically but share 
the same underlying pathological process. The 
characteristic effect of hypertension on the brain is 
involvement of the small arteries. The pathological 
process in these arteries may be acute as in hyper- 
tensive encephalopathy (HE), or chronic as in 
lacunar infarction or cerebral haemorrhage. Tradi- 


tionally HE is believed to leave no residual deficits if 


the blood pressure is promptly reduced. The purpose 
of this review is to characterise the nature and 
frequency . of neurological complications as 
encountered in hypertensive children during a 
10-year period, and to determine the prognosis. 


Methods 


Case records of 45 children, 25 boys and 20 girls, 
with severe arterial hypertension referred to the 
paediatric nephrology unit at Guy’s Hospital between 
1971 and 1980 were reviewed. All children had 
developed neurological complications as the 
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presenting sign or aS a consequence of the 
hypertension. 

Thirty patients were available to follow-up and 
were seen at a mean interval of 2-7 years (one month 
to 10-6 years) after the episode of HE. 

A complete neurological examination, including 
an assessment of visual acuity (Snellen), was under- 
taken by one investigator (R S T) in each case. All 
children were given a general cognitive assessment 
and a reading test. The Wechsler scale of intelligence 
(revised) was used in all cases except in 2 where 
the McCarthy scales of children’s abilities was used. 
The reading tests were Neale’s analysis of reading 
ability and the Schonell graded word reading test. 
All children were asked about their interests and 
friendship patterns, and wherever possible parents 
were also asked about friendship patterns and social 
contacts. There were no disagreements in the cases 
where this was undertaken. A control group of 
10 age-related children with varying degrees of 
chronic renal insufficiency and well-controlled 
hypertension was drawn from sequential attenders to 
outpatients. 

The statistical tests used were the x? test, or 
Student’s ¢ test. 

Brain scans by computerised tomography (CT) 
were undertaken whenever possible in children who 
did not require sedation. Interpretation of the scans 
was carried out by a neuroradiologist (R D H) who 
had been told about the nature of the study but did 
not have the individual clinical details concerning 
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the children. Electroencephalogram rezordings were 
not routinely undertaken as it had previously been 
shown that hypertension and HE dic not produce 
specific changes.? 7 


Results 


The mean age at presentation of the neurological 
complication was 9-9 (range 0-25-16) years. 
Forty-two (92%) children presented with epileptic 
seizures and in 19 (42%) a seizure was zhe presenting 
sign of the previously undetected hypertension. 
Descriptions of convulsive episodes evailable from 
the case-notes suggest that 6 children had partial 
motor convulsions and 25 children had generalised 
motor convulsions with diminished conscious level 
recorded in each case. Two (4%) chilcren presented 
with a lower motor neurone paralysis of the face and 
2 (4%) with an alteration in the level ofconsciousness 
described as drowsiness with normal withdrawal to 
pain. Of 11 (24%) children who died 5 were known 
to have hypertensive seizures as a ccmplication of 
the preterminal illness, generally renal failure. No 
child was febrile at the time of the conwulsive episode. 

The cause of the hypertension in tae majority of 
children was primary renal disease (Table 1). Chronic 
glomerulonephritis and reflux nephropathy 
accounted for nearly 60% of paremchymal renal 
disease. In 2 patients HE followed remal transplants 
for dysplastic kidneys at 4 days amd 5 months 
postoperatively, both children having had their own 
kidneys removed. In the 3 patients w.th haemolytic 
uraemic syndrome, and the one with systemic lupus 
erythematosis, haematological and sanmunological 
investigations showed that the di:ease was ‘In 
remission’ at the time of the convulsiom and therefore 
that renal involvement was implicated as the cause 
for the hypertension. 

In 2 patients no primary diagnosis was made but 
‘hyper-reninaemic hypertension was Confirmed. One 
patient had a major coarctation of he abdominal 


Table 1 Cause of renal disease responsib e for 
arterial hypertension in the 45 children 


Nuber of 
chidren 


Diagnosis Died 





Reflux nephropathy 13 
Chronic glomerulonephritis 13 
Haemolytic-uraemic syndrome 
Cystinosis 

Renal dysplasia 
“‘Hyper-reninaemic’? aetiology 
Acute poststreptococcal nephritis 
Juvenile nephronophthisis 
Renovascular disease 

Obstructive uropathy 

Systemic lupus erythematosis 
Minimal change nephrotic syndrome 
Acute anuric renai failure 


ice aaa A es aah i 


oh Woo beh bok proche BD Bad Gad Cad Ca 





aorta affecting both renal arteries thus causing 
hypertension. The patient with minimal change ` 
nephrotic syndrome developed hypertension 
secondary to steroid therapy, and acute renal failure 
in another patient with juvenile rheumatoid arthritis 
was a consequence of septicaemia. 

In 35 patients, of whom 20 were aged between 7 
and 10 years, the blood pressure had been recorded 
after the acute neurological episode. Mean values 
for systolic and diastolic pressure in this series were 
in excess of the mean plus 2 standard deviations for 
children of different ages.! In order to examine the 
possibility of a metabolic factor contributing to the 
pathogenesis of the convulsive episode, data available 
for systolic blood pressure were analysed, for the 
degree of correlation, with values for levels of plasma 
creatinine, urea, sodium, calcium, and albumin 
(Table 2). There was a tendency for children to have 
seizures at lower levels of systolic blood pressure 
with only varying plasma sodium levels. However, in 
view of the wide range of values for plasma sodium 
it was not possible to predict a precise level at which 
seizures were thought to occur more often. Data on 
arterial carbon dioxide tension at the time of 
presentation were not generally available for 
meaningful analysis. Five children however, suffered 
HE characterised by convulsive episode within 
24 hours of haemodialysis (3 in the immediate 
postrenal transplantation period), and contributory 
factors—such as fluid and electrolyte disequilibration 
after dialysis—could therefore not be discounted. 

At presentation 16 (35%) children had evidence of 
hypertensive retinopathy, either papilloedema alone 
or in association with retinal haemorrhages. In 7 
(16%) children there was a previous history of a 
convulsive episode. In 4 these were diagnosed as 
simple febrile convulsions sustained during the first 
3 years of life, one of whom was receiving anti- 
convulsant therapy. The others were diagnosed as 
having idiopathic epilepsy and all were receiving the 
appropriate anticonvulsant therapy. Seven (16%) 
had had more than one hypertensive fit after the 
initial episode and one child in this group had died. 
Three children in this group were also receiving 
anticonvulsant therapy. 

Neurological examination in 30 children showed 
no evidence of motor or sensory deficit not noticed 
before the episode of HE. One patient was known to 
have had a left hemiplegia since infancy (HE at 
7-2 years), and another an oculor-motor apraxia 
diagnosed at 4 years (HE at 9-3 years). There was no 
evidence of lower motor neurone facial paralysis in 
the 2 children who had presented with this lesion 
4 years and 1 year before this study. 

Twenty-nine CT brain scans were undertaken in 
25 children. In 15 (60%) children, these were 
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Table 2 Analysis of biochemical findings at the time of hypertensive encephalopathy 


Number of Plasma levels Systolic blood pressure (mmHg) r P 
children — a ee 
Meant SE Range Mean Range 

Creatinine (umol/l) 26 310+58 27-1025 178 120-230 0-28 NS 
Urea (mmol/I) 29 1842-7 5—48 175 130-230 0-11 NS 
Sodium (mmol/l) 27 135+0-9 124—142 175 120-230 0-39 <0-05 
Calcium (mmol/l) 27 2-3+40-4 1-0-3-4 178 120-230 0-17 NS 
Albumin (g/1) 29 35+9 10-49 178 120-230 0-09 NS 





Conversion: SI to traditional units—creatinine: 1 pmol/i~0-0113 mg/100 mi; urea: 1 mmol/l~6-02 mg/100 mi; calcium: 1 mmol/la4-0 


me 


mg/100 ml. 


interpreted as normal. The mean interval from the 
episode of HE to scan was 1-9 years (range 1 month- 
10-6 years). Cerebral atrophy was the only finding in 
8 children based on enlargement of Sylvian fissures, 
inter hemispheric fissures, cerebral] sulci, and ventri- 
cular size. Seven of these children had been receiving 


prolonged corticosteroid therapy (15-30 mg/m? on ` 


alternate days) for periods of time ranging from 1 to 
5-4 years as part of the immunosuppression treat- 
ment after renal transplants. One other child with 
cerebral atrophy had recovered from acute 
haemolytic uraemic syndrome but remained in 
chronic -renal failure. Three children with renal 
transplants and normal CT scans had also been 
receiving corticosteroids for periods of time ranging 
from 1-2 to 2-7 years. Left cerebral hemiatrophy was 
observed in one patient known to have mild educa- 
tional subnormality and to have epilepsy; right 
lateral ventricular dilatation was found in another 
child with epilepsy, mild subnormality, and a left 
hemiplegia. Both these children were diagnosed as 
having hyper-reninaemic hypertension of uncertain 
aetiology. In the third child with epilepsy, a CT scan 
had been undertaken before the episode of HE, and 
postrenal transplantation on two occasions had 
revealed changes only of cerebral atrophy. 

Results of the cognitive assessment show no 
significant differences between the HE group 
(full-scale score mean 89; range 59~126) and controls 
(full-scale score mean 92; range 46-124). No precise 
comments can be made on the side effects of anti- 
hypertensive drugs as a cause of intellectual impair- 
ment in the two groups, there being a similarly wide 
range of values for cognitive assessment in both. 
There is some indication that in terms of verbal 
scores the HE group functioned worse than controls 
but this did not reach significant levels. Analysis of 
data from those children who had received renal 
transplants and had therefore been subjected to long 
periods of time spent in hospital showed a slightly 
better verbal scale score compared with children who 
had spent a far shorter time in hospital. The HE 
group however, did show significant differences in 
reading problems, defined as a reading age of at 


least 2 years behind chronological age (y*=5-84, 
P<0-05). This could not be accounted for on me 
basis of time away from school. 

In terms of social relationships, the HE group 
showed a number of children with no social contact 
with any child outside his immediate family. Seven of 
the group could name no other children with whom 
they were friendly, even among the children they met 
in hospital. There was no association between social 
isolation, IQ, or reading skills. 


Discussion 


Transient cerebral dysfunction caused by hyper- 
tension was first described by Oppenheimer and 
Fishberg in 1928,8 and called HE. Normally changes 
in systemic blood pressure do not materially influence 
cerebral blood flow. If blood pressure is. raised 
cerebral vessels constrict, and if blood pressure is 
lowered they dilate, so preserving the constancy of 
blood flow. In normotensive individuals the range of 
pressures over which such ‘autoregulation’ occurs is 
wide, between a mean pressure of about 60 and 
120 mmHg, compared with a normal mean resting 
pressure of 90 mmHg.? When blood pressure is 
lowered below the autoregulatory. range cerebral 
blood flow falls; while above the range ‘break- 
through’ of autoregulation’ occurs .with cerebral 
hyperaemia.*® This is associated with focal damage 
to the cerebral arterioles, increased permeability, and 
oedema." Clinically the picture is one of HE. The 
upper and lower limits of blood pressure tolerated 
vary with systemic and cerebral acid-base balance 
since the pH of the local perivascular space is an 
important determinant of cerebrovascular resistance. 
Thus hypercapnoea induces strong cerebral vaso- 
dilatation which impairs autoregulation. a 

‘There are no specific symptoms of hypertension 
and any neurological sign should be regarded as a 
complication. Headache, usually sévere and 
generalised, is the most common complaint. Visual 
complaints range from blurring of vision to transient 
blindness.!? Nausea and vomiting are initial com- 
plaints in many patients. Seizures, both focal and 
generalised, occur more frequently in children.4? 13 ` 
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Severe hypertension in childhood is most 
frequently secondary and nearly always of renal 
parenchymal origin.! 1? There are few reports of 
cerebrovascular complications associated with hyper- 
tension secondary to coarctation of the aorta! and 
indeed no such child was seen at Guy’s Hospital, a 
referral centre for both paediatric nephrology and 
cardiology, throughout the period of this study. It 
would appear that most infants with coarctation of 
the aorta present predominantly with heart failure 
before arterial hypertension becomes a problem. 

In this study a significant number, 19 (42%), of 
children had each had an epileptic seizure as the 
presenting sign of the previously undetected arterial 
hypertension. Although several reviewers have 
concluded that blood pressure screening for essential 
hypertension in children is laborious and not cost 
effective®17 there is a clear case for careful 
monitoring of blood pressure in all children with 
diagnosed renal disease. In individual patients with 
renal disease an acute rise in blood pressure may not 
be the only contributory factor causing a convulsive 
episode. Factors such as disequilibrium syndrome,7® 
and the use of high dosage corticosteroids may be 
additional provoking factors. Previous history of 
seizure disorder as encountered in 7 (16%) of the 
children in this series may illustrate the predis- 
position of any child to have a convulsion given the 
correct provoking stimulus. The finding of an excess 
of children with previous febrile (4 or 9%) and 
non-febrile (3 or 7%) seizures with only one ist- 
degree relative having been recorded with non- 
febrile seizures is interesting. Although it raises the 
possibility that hypertension and fever as provoking 
agents for seizures may have a genetic overlap, the 
study design does: not allow any clear conclusion. 
Prospective family history data and detailed 
allowance for the effect of the shift to lower 
intelligence in this group would be needed to 
investigate this further. 

Management of the acute clinical situation was 
initially directed at arresting seizure activity, 
generally with diazepam. To ensure optimum 
control of blood pressure, antihypertensive agents 
were used in conjunction with frequent monitoring 
until the normotensive state had been established. 
Prophylactic anticonvulsants were not routinely 
used after satisfactory control of blood pressure 
because they did not seem to be necessary and 
because of concern about drug interaction in trans- 
planted patients. Parental education about the 
emergency management of seizures would however 
seem reasonable in a child with chronic renal disease. 

Long-term follow-up in the survivors of this group 
of children who have had episodes of HE is un- 
doubtedly encouraging. There appear to be no 


sequelae on neurological examination in this group 
of patients whose epilepsy and hypertension were 
vigorously treated. However, permanent neurological 
damage is a well recognised problem both in children 
and adults who have suffered episodes of HE 
associated both with and without convulsive 
episodes.” 3 3 The lack of parenchymal changes in the 
brain as illustrated by CT scan makes it unlikely that 
small cortical haemorrhages have occurred which 
could be related to an episode of HE. Minor degrees 
of cerebral atrophy were seen almost exclusively in 
patients receiving corticosteroids, a finding 
previously observed.!® The clinical significance of 
this finding is uncertain although in adults it has been 
shown that degrees of cerebral atrophy found on CT 
brain scan do not correlate with psychometric 
assessment in dementia.”° 

Psychometric assessment failed to demonstrate 
convincing differences in cognitive functioning 
between the HE and control groups. There are 
indications that these children will have educational 
difficulties in addition to those expected on the 
basis of absences from school—that is in reading. 
The precise cause of these reading difficulties is 
uncertain in this study, although the association 
between organic brain dysfunction and reading 
problems is well recognised.”4 The poor social 
relationships formed by many of the children in the 
HE group deserves attention and this is one of the 
factors which may be related to later psychiatric 
disorder.”” The evidence, such as it is fromthe study, 
would seem to suggest that it is worth assessing 
educational progress in children who in addition to 
chronic illness have had neurological complications 
associated with hypertension, and instituting remedial 
measures if necessary. Social contacts appear to be 
difficult for these children and this requires further 
study. However, it should be possible to alert the 
parents of such children to the importance of this 
problem and perhaps encourage them to promote 
social contact between handicapped and able-bodied 
children. Although not wishing to add to the consider- 
able concern of parents whose children suffer from 
chronic ill health, education and social issues are of 
paramount importance to the future welfare of every 
child. : 


We thank Kenneth Aitken, Judith Bell, Jennifer 
Chambers, and Dace Oczells for assistance with 
psychometric analysis, and Professor R J Robinson 
for encouragement. 
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Outcome of maple syrup urine disease 


E R NAUGHTEN, J JENKINS, D E M FRANCIS, AND J V LEONARD 
Institute of Child Health and The Hospital for Sick Children, London 


SUMMARY The outcome of 12 children with classical maple syrup urine disease is reviewed. All 
patients presented in the neonatal period at ages varying from 5 to 21 (median 8) days. The time 
taken to make the diagnosis ranged from 1 day to longer than 9 months (median 7 days). Each 
survived his initial illness but 3 died later after apparently mild infections. Three of the 12 patients 
had a.spastic quadriplegia and 6 others abnormal neurological signs without clear cerebral palsy. 
The single most important factor determining the outcome ‘appears to be the time taken to make 
the diagnosis after the first symptoms. Two patients were diagnosed within 24 hours of the first 
symptoms and one is of above average ability. The other is mildly retarded but control of the 
disease was poor in his first 4 years of life. Outcome is unpredictable if the delay is between 3 and 
14 days. Two children are of normal ability but 6 others are retarded. A delay longer than 14 days 
is invariably associated with mental retardation and cerebral palsy. We conclude that cany diagnosis 


is essential to improve the outcome of this. condition. 


Maple syrup urine disease (MSUD) is caused by an 
inborn error of the catabolism of the branched chain 
amino-acids (BCAA)—leucine,: isoleucine, and 
valine—-and commonly presents in the neonatal 
period with an overwhelming illness. Without 
treatment most patients with this (classical) form of 
the disease die and any survivors are mentally 
retarded and thrive poorly.!* Even with treatment 
the prognosis is uncertain as both retardation and 
cerebral palsy are common, but some patients do 
well. We have reviewed the progress of patients with 
classical MSUD who have attended The Hospital 
for Sick Children, and have examined some of the 
factors that may affect the outcome. 


Patients and methods 


Fifteen patients with MSUD have attended the 
hospital but 3 have been excluded from the study. 
One was diagnosed in 1958 before treatment had 
been fully established and was reported elsewhere.’ 
The remaining 14 were diagnosed after 1969. Two 
patients, who presented after age 1 year and who 
tolerated more than 1-2 g/kg protein, had variant 
forms of MSUD and have also been excluded.*5 
The remaining patients form the subject of this 
report. The diagnosis of MSUD was initially 
confirmed by finding a pronounced increase in the 
plasma BCAA concentrations (leucine >2000 umol /| 


(26 mg/100 m])) and the presence of L-alloisoleucine 
in the plasma together with BCAA and their keto- 
acids in the urine. 

Ali the patients who were alive were examined by 
one of us (E R N) except for one (Case 5) who lives 
abroad, information about whom was obtained from 
a local paediatrician. Details of the patient’s initial 
illness were obtained retrospectively from the case- 
notes. Psychometric tests were performed by one 
observer (J J) but if the child could not be tested 
personally reports were obtained from other 
psychologists. For this reason several tests have been 
used: Griffiths’s (for children aged between 0 and 2 
years), Merrill Palmer (between 2 and 5 years), or 
Stanford Binet (between 2 and 7 years), and the 
Wechsler intelligence scale, revised (WISC-R) (over 
7 years). As several tests were used and it is difficult 
to compare the results we were forced to use a 
method of comparison which is now regarded ‘as 
statistically questionable. We have calculated scores 
on the basis of mental age/chronological age x 100. 
These scores have then been grouped into broad 
categories as follows: group 1 = >90; group 2 = 
70-90; -group 3 = 50-70; group 4 = 30-50; group 
5 = below 30. 

All patients were treated with a diet that contained 
controlled quantities of BCAA. This is monitored 
by measuring the BCAA concentrations, initially at 
weekly intervals but as the children grew this was 
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done monthly. Until 1975, the amino-acid 
concentrations were measured by a semiquantitative 
method but since 1975 the estimations have been 
performed on an amino-acid analyser (Rank Hilger 
Chromospek). We aim to maintain the plasma 
leucine at between 100 and 700 umol/lt and the 
isoleucine and valine at between 50 and 400 umol/l.t 

The mean leucine intake for each patient has been 
calculated during a 3-month period around birthdays 
using the dietetic records. Complete dietary 
information was available during any hospital 
admission and for the periods at home the intake 
was calculated from the quantity of cows’ milk and 
the number of exchanges of natural protein that the 
child was receiving (1 exchange is about equal to 


Normal plasma concentrations of the branched chain amino- 
acids depend on several factors including protein intake.“ 
Mean (SD) non-fasting leucine 141 (41) pmol/l, isoleucine 
59 (18), valine 213 (57). 
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300 umol (40 mg) leucine). 7 Periods of minor 
illness were included, but any illness that required 
intravenous therapy or the use of the emergency 
regimen for longer than 5 days was omitted. 


Results 


Presentation and diagnosis. All 12 patients developed 
symptoms in the neonatal period. The age at which 
these children presented varied between 5 and 21 
(median 8) days, but the time taken to make the 
diagnosis ranged from 1 day to >9 months (median 
7 days) (Table 1). The 2 children with the longest 
delay both came from overseas (Cases 6 and 11). All 
the patients had some neurological signs that ranged 
from marked hypotonia to hypertonia with ‘fisting’ 
and twitching. However, signs varied considerably 
even in the same baby. Only 2 patients (Cases 5 and 
7) were observed to have fits. Eight of the patients 
required assisted ventilation (Table 1). Poor feeding 


Table 1 Details of the initial illness of the patients with maple syrup urine disease 








Case Age at first Delay in Initial plasma leucinet Days for Neurological Assisted 
symptoms (days) diagnosis (umol]l) leucine to fall signs ventilation 
(days) below 1000 umoiji 
i 6 5 2426 10 Areflexia Yes 
2 7 H 3860 Arefiexia, hypotonia Yes 
3 7 9 3550 16 Hypertonia, irritability Yes 
4 14 Not known Not known Not known Hypertonia, irritability No 
5 7 5 5300 Hypotonia, irritability No 
6 14 285 5000 Irritability No 
7 9 1 4900 Hypertonia, fisting Yes 
8 § 10 4000 Hypotonia, hypertontia, areflexia Yes 
9 9 7 6450 15 Hypertonia, fisting Yes 
10 8 3 4000 10 Hypotonia Yes 
11 21* 30 3000 Hypotonia No 
12 14 14 3350 12 Hypertonia, irritability, areflexia Yes 





*Approximate, tmedian plasma leucine concentrations in healthy breast-fed newborn!? = 103 (range 61-183) pmol/l. 


Conversion: SI to traditional units—leucine 1 pmol/l] +0-013 mg/100 ml. 


Table 2 Mean leucine intake at 2 years, outcome, neurological status, and intellectual performance of patients with 


maple syrup urine disease 





Case Mean leucine intake Outcome Neurological status Intellectual performance Group* | 
Gnmoilday) (ng/day) Chronological age Scale 
when tested (years) 
‘I 2-9 (382) Died aged 23 months Normal 1 Not assessed 1 
2 4-6 (605) Alive Normal 11-5 WISC-R 3 
3 2-8 (369) Alive Brisk tendon reflexes 11 WISC-R 3 
4 4-2 (556) Died aged 5 years Hypotonia and ataxia 4-25 Merrill Palmer 3 
5 Not known Alive Brisk tendon reflexes 5:6 Standford Binet 2 
6 3°8 (506) Alive Spastic quadriplegia 5:25 Griffiths 4 
7 3.6 (476) Alive Normal 4-0 Merrill Palmer 1 
8 3°5 (462) Died aged 4 years Brisk tendon reflexes 2-33 Griffiths 3 
9 3.3 (432) Alive Spastic quadriplegia 1-75 Griffiths 3. 
10 1-6 (205)t Alive Hypotonia 1-33 Griffiths 3 
II 3-8 (505)t Alive Severe spastic quadriplegia 1-25 Not assessed 5 
12 4-7 (615)f Alive Brisk tendon reflexes 1-0 Not assessed 1 





*For explanation see text; {Cases 10, 11, and 12—assessment of leucine intake at 18, 15, and 11 months respectively; 


W ISC-R-—Wechsler intelligence scale (revised) for children. 
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and a weak suck was present in all patents but in 
none was vomiting noted. 

The leucine concentrations at the timeof diagnosis 
exceeded 2400 umol/l in all cases (Table 1). The 
treatment that was used to control the accumulation 
of BCAA was not standardised and included both 
exchange transfusions and peritoneal cialysis. The 
efficiency of the treatment has been measured by the 
time taken for the leucine level to fall below 1000 
umol/l and was between 2 and 16 (median 6) days 
(Table 1). The patients were then establ_ shed on the 
diet and the leucine intake adjusted acccrding to the 
plasma BCAA levels. At age 2 years the mean leucine 
intake was 3-5 mmol/24 h (461 mg/24 h) (Table 1). 

All children have had further admissions to 
hospital during periods of intercurrent infection or to 
help with feeding difficulties but, excest for those 
who died, none of the children with the cassical form 
has been comatose, although ataxia, slurring of 
speech, and drowsiness were common. 


Outcome. All patients survived the initial illness 
but 3 patients died later. The condition of one child 
(Case 1) deteriorated rapidly after a sLort bout of 
diarrhoea and vomiting and she died aged 23 months 
despite intensive treatment including peritoneal 
dialysis. The second child (Case 4) ded aged 5} 
years after an influenzal illness with vcmiting from 
which he appeared to be recovering but his condition 
deteriorated suddenly and he failed te respond to 
intensive treatment. The third child (Case 8) died 
recently aged 4? years after mild gastrcenteritis for 
24 hours. All three children had been well controlled 
until their final illness. In two patients aCases 1 and 
4) plasma leucine levels rose rapidly in 24—48 hours 
to more than 2500 umol/l (>33 mg/.00 ml) and 
although these were reduced by treatment the 
patients died. 


Three of the 9 survivors have cerebral palsy all 


having spastic quadriplegia and 4 other children 
have. abnormal neurological signs wthout clear 
evidence of cerebral palsy. Three have >risk tendon 
reflexes and one is hypotonic.. Although the other 
2 have no abnormal neurological sizns, one is 
clumsy. Of the 3° patients who have ded, one was 
hypotonic and mildly ataxic, one had brisk reflexes, 
and the third was described in the case-notes as 
normal. 


Intellectual performance. Four patients -ould not be 
assessed by us; three (Cases 1, 4, and 8) had died, 
and one (Case 5) lives abroad, and for these patients 
we had to` rely on the reports rom other 
psychologists and paediatricians. Case- 11 and 12 


were examined by a paediatrician (E R N) only, but 


the rest were formally assessed. 
Only one child (Case 7) who is still alive is 


unequivocally normal. Another child (Case 12) is 
within normal limits at present but there remains 
some uncertainty as she is only 1-year old. The 
majority of children are mildly or moderately 
retarded (groups 3 and 4). 


Discussion 


All the patients survived the initial illness but this 
may represent a selected population since other 
patients may have died before they could be referred. 
Three children died later as a result of intercurrent 
infections and in two the final illness was complicated 
by marked and persistent hypokalaemia (plasma 
potassium <1-5 mmol/l), the cause of which is 
unknown. 

The outcome of patients with MSUD has 
improved since the early reports. In the Canadian 
multicentre survey 6 of the 9 patients with classical 
MSUD had IQ (or DQ) scores of over 70;8 and in a 
recent study from Quebec all 4 children were 
developmentally normal.? In another collaborative 
study 3 of 6 survivors who were started on diet when 
aged less than 2 weeks were described as normal.’ 
In our study however, the patients have not done so 
well. Of the survivors only one is unequivocally 
normal and 2 others were. probably normal but one 
died and the other was not formally assessed. All the 
remaining patients are retarded, ranging from mildly 
to severely so. 

It is probable that there are many different factors 
that influence the outcome and it is not easy to 
determine which of these are important. However, 
a prolonged delay in making the diagnosis of the 
classical form of MSUD is invariably associated 
with mental retardation and cerebral palsy, and the 
2 patients in whom the diagnosis was delayed longer 
than 30 days were both severely handicapped. In the 
Quebec study? intensive treatment was started in all 
the patients within 24 hours of the onset of 
symptoms. Two (Cases 2 and 7) of our patients had 
similarly rapid diagnosis and treatment. One whose 
subsequent control has been good is of above average 
ability and is neurologically normal. The second had 
erratic control for the first 4 years of life and now 
has an IQ of 63. The delay in diagnosis in 7 patients 
was between 3 and 14 days and the outcome was 
unpredictable, 2 of the children were probably 


normal, the others were borderline or retarded. Two 


children developed normally despite severe 
encephalopathy that required assisted ventilation in 
the neonatal period. 

The plasma leucine concentrations on admission 
reflect the dietary protein intake and any initial 
treatment that may have been given, and did not 
appear to have any predictive value.. 

The time taken for leucine’ to fall below 1000 
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ymol/l varied from 2 to 16 days but this did not 
appear to influence the outcome. In 5 patients this 
interval was at least 10 days and 2 of these (Cases 1 
and 12) have done well but the other 3 (Cases 3, 9, 
and 10) are retarded, two of them severely so. - 
After the neonatal period the full extent of the 
neurological abnormalities gradually became 
apparent in a manner typical of cerebral palsy but 
in no child has there been evidence of further 
progression. Rather, there has been improvement in 
the child (Case 6) whose treatment started very late. 
The quality of the dietary control after the 
neonatal period is difficult to assess. Plasma BCAA 
concentrations have not been measured regularly 
during periods of intercurrent infection and isolated 
values may give a false impression of the quality of 
control since levels fluctuate widely even if the child 
is well. We have noted levels greater than 1000 
umol/l of leucine in seemingly healthy children. 
After the initial illness all patients were readmitted 


.during minor illnesses but the number of admissions 


to hospital is not a good index of control because the 
admissions are often a reflection of the ability of the 
family to cope under stress as much as of the child’s 
condition. Nevertheless the control of Case 11 who 
lives abroad is known to be particularly poor, and 
this child has made little developmental progress. 
The quality of dietary control of the 2 oldest patients 
(Cases 2 and 3) was not good during the early years 
but since then the quality of control has improved and 
has been generally similar in all patients. The IQ of 
the older patients has been tested regularly and has 
remained stable over several years. 

As the Quebec group has shown,? it is possible to 
achieve good results with the treatment of MSUD 
and we would tentatively suggest that the single 
most important factor is early diagnosis. When a 
term neonate becomes ill the possibility of a 
metabolic disorder needs to be considered early and 
even the history may provide clues. In our patients, 
there were no fewer than 10 children who had died 
in the neonatal period in 6 of the 10 families. In 
only one of these children had the diagnosis of 
MSUD been made. The early signs of illness in the 
neonatal period are not specific and many of the 
patients were thought initially to have had 
septicaemia. Not all patients have had pronounced 
metabolic acidosis. At the time of admission, 5 
patients (Cases 1, 7, 8, 9, and 10) were acidotic 
(pH <7-25 and plasma bicarbonate <10 mmol/l 
or base deficit >9 mmol/l), but many of the patients 
had already received some treatment including 
unspecified quantities of sodium bicarbonate. 

If the diagnosis is to be made earlier, tests for 
metabolic disease will need to be done at the same 
time as the screen for infection. The results of urine 
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screening tests on admission were recorded in 7 of 
the 12 patients. Ketonuria was present in only 4 
patients with an equivocal result in one other patient, 
but there was a precipitate with 2,4-dinitrophenyl- 
hydrazine which detects «-keto-acids in all 7 
patients. This finding would indicate the need 
for urgent investigation that would include 
determination of the plasma and urinary amino-acids 
and urinary organic acids. Once a metabolic disorder 
is suspected intensive treatment is indicated to 
control the metabolic derangement, even before the 
precise diagnosis is known. 


We thank Dr D M Johnston, Dr G Rajan, Dr 
S Tsagaraki, and Professor O H Wolff for their 
co-operation and for allowing us to include the 
patients under their care; Dr J W T Seakins and 
Mr R S Ersser for their excellent laboratory service. 
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Liver disease in India 
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Department of Paediatrics, King Edward Memorial Hospital, Pune, India; Department of Child Health 
and Department of Pathology, University of Leicester 


SUMMARY One hundred and twenty-five children with chronic liver disease were seen in Pune in 
13 months. Fifty-nine of them, aged 8-39 months, had Indian childhood cirrhosis histologically 
diagnosed, Their characteristics incluied an insidious onset of symptoms, a geographical clustering 
of cases in rural areas north-east of Pune, a high rate of parental consanguinity and affected siblings, 
and a very high hepatic copper concentration (790-6654 ug/g dry weight). Only 8 survived for 6 
months, adverse prognostic features being jaundice, ascites, enlargement of the gall bladder, and 
severe anaemia at presentation. Clinical differentiation from other liver disorders in the same age 
group was clear in advanced cases but unreliable in earlier cases. Four asymptomatic siblings with 
hepatomegaly had a benign course. The need for non-invasive methods to diagnose early cases in 
the community is demonstrated. The other major diagnostic categories were: unresolved hepatitis 
(12); chronic active hepatitis (7); cryptogenic cirrhosis (6); neonatal hepatitis and biliary atresia (8). 


Indian childhood cirrhosis (ICC) and o her hepatic 
disorders are common causes of hospitél admission 
of children in India.1-* Descriptions o” ICC from 
different centres in India however, shov differences 
with respect to its definition, inciderce, clinical 
features, prognosis, and response to treatment with 
steroids.4~? | 

The recent finding of high concertrations of 
copper in the liver in ICC has raised hopes of its 
treatment or prevention.§-!* It also increases the 
need for accurate and early diagnosis of ICC. A 
prospective study of chronic liver disease in children 
was therefore started at the King Edward Memorial 
Hospital, Pune, with four objectives: (1) To study 
the pattern of chronic liver disease in childhood in 


this area. (2) To define the clinical features of a. 


group of children with ICC in whom the diagnosis 
was made upon histological criteria. (3) To measure 
hepatic copper concentration in a larger group of 
children than in the previous studies. (4 To provide 
an epidemiological basis for future stud_es. 


Geography 


Pune, previously Poona, is in the state of 
Maharashtra, 125 miles inland from Bombay, and is 
on the Deccan plateau. Its rainfall of approximately 
800 mm falls between June and August. Pune is an 
industrial, administrative, and univers.ty city and 


conurbation, population 1-69 million (1981 census). 
The districts of Pune, and surrounding districts of. 
Ahmednagar, Nasik, Sholapur, Sangli, and Kolhapur 
had a combined population of 17-7 million in the 
1971 census and are predominantly agricultural, 
Marathi-speaking areas.16-1” 


Methods 


Children presented to the King Edward Memorial 
Hospital either directly or by referral from two other 
hospitals in Pune, or paediatricians in surrounding 
towns. No attempt was made to ascertdin all cases of 
paediatric chronic liver disease. 

The study began on-1 February and admission 
required one of the following criteria: 


(1) Jaundice for at least 4 weeks. 

(2) Either—-hepatomegaly, the liver edge being more 
than 4 cm below the costal margin, for 
longer than 4 weeks 

or—a history of abdominal distension for 
longer than 4 weeks, with firm hepato- 
megaly on examination. 

(3) Ascites for longer than 4 weeks. 

(4) A liver biopsy showing cirrhosis. 

Clinical features, haematological values, and liver 
function tests were recorded on a standard pro forma. 
Liver biopsy was performed if coagulation studies 
permitted using the Trucut disposable needle 
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(Travenol) under local anaesthesia with intravenous 
diazepam. A part of each biopsy was used for 
histological assessment independently by two 
pathologists (A M P, I C T) neither of whom knew 
the clinical details. Histological diagnosis of ICC 
required the following criteria: (1) Widespread 
hepatocyte ballooning and necrosis, with presence of 
inclusions. (2) Pericellular intralobular 
fibrosis. (3) Absence of fatty infiltration. 

Sections were also stained with rhodanine, to 
demonstrate copper, and with orcein, to demonstrate 
copper-associated protein. 

A second part of the biopsy was freeze-dried in a 
copper-free container, transported to Leicester, and 
assayed for copper using a Pye Unicam atomic 
absorption spectrophotometer with electrothermal! 
atomisation. Liver tissue from a group of infants and 
children who died from non-hepatic causes was 
similarly assayed. ` 

Follow-up of children who were able to leave 
hospital was effected by return outpatient visits, and 
by home visits by a medical and paramedical team 
member. Children with ICC received supportive 
treatment for anaemia, vitamin deficiencies, inter- 
current infection, and eventual hepatocellular 
failure and bleeding. Steroids were not used. Thirty 
children with ICC entered a controlled trial of 
d-penicillamine, details of which will be presented 


subsequently. Children with other hepatic disorders 


received treatment as appropriate. 


Results 


7“ oN 


One hundred and twenty-five children with chronic 
liver disease were seen in 13 months, representing 9% 
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of ward admissions. The number- of referred cases 
increased during the study period, children with 
chronic liver disease having comprised 3% of ward 
admissions in the two previous years. 

Percutaneous liver biopsies were obtained in 101 
children, in 2 of whom biopsy complications 
occurred. One child developed hypotension, and one 
had haemobilia which ceased spontaneously. Liver 
biopsies at necropsy were permitted in 11 other 
children, although in no case was a full necropsy 
permitted. Statistical analysis was confined to the 
112 children in whom a histological diagnosis was 
available (Table 1). 


Indian childhood cirrhosis 


Children with ICC formed the largest (53 °/) group. 
Their ages ranged from 8 to 39 (mean 18-1) months 
while those with other hepatic disorders ranged 
from 2 weeks to 18 years (Fig. 1). Boys outnumbered 
girls in both groups (ICC M:F=3-9:1; other 
M:F=2:5:1). 

Parental consanguinity was appreciably more 
common among children with ICC than among 
those with other disorders (Table 2). After excluding 
first-born children, 43 % of cases of ICC had a sibling 
or first-cousin with an illness clinically diagnosed as 
ICC; this proportion was significantly higher than 
the proportion of children with other hepatic 
disorders who had a sibling or first-cousin with any 
kind of liver disease (15 %). l 

Most of the children with ICC came from villages 
or towns outside Pune, and tended to derive from an 
area to the north-east of Pune. Discussions with 
doctors in towns around Pune indicated that this 


Table 1 Histological diagnoses and hepatic copper concentration in children with chronic liver disease 





Diagnosis Number Hepatic copper concentration (ugig dry weight) 
Number assayed Mean SD Values or range 
Indian childhood cirrhosis 59 53 1929 939 790-6654 
‘Putative early ICC’ 4 4 200 35, 41, 340, 384 
Neonatal hepatitis 3 1 206 
Extrahepatic biliary atresia 5 4 294 121, 258, 353 444, 
Unresolved hepatitis 12 10 37 22 12-92 
Chronic active hepatitis 
Wilson’s disease 2 2 888 311, 1465 
Other 5 3 113 11, 56, 282 
Other cirrhosis 6 4 259 21-635 
Venous outflow obstruction 3 L 
Storage/infiltration 5 14 108 170 17-636 
Minor changes 8 
Total 112 95 
Controls 
Age 0-1 month 15 274 212 17-612 
6-12 months -` 5 42 36 8--93 
> 1 year T 45 34 13~118 
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Indian childheed cirrosis 


[_] Other hepatic disorcers 


No of children 


4680? 
Years 


Fig. 1 Age distribution of 112 children presenting to 
hospital in Pune with chronic liver disease. 


distribution accurately reflected the true incidence of 
the disease, ICC being viewed as a common problem 
in the districts of Pune, Ahmed Nagar, ard Sholapur, 
but as rare in the district of Sangli. By contrast, 
children with other hepatic disorders -vere largely 
derived from urban Pune. 


Clinical features ef ICC 


Onset. Three patterns of onset of symptoms were 
described by parents: 


(1) The majority (47 children) had an insidious onset 
of abdominal distension, followed by fever, 
malaise, then jaundice. 

' (2) In 5 (8%) children an episode of faundice 2-9 
months before admission was said tc be followed 
by fever, malaise, distension, and return of 
jaundice. 

(3) Seven (12%) children were said to have had a 
sudden onset of abdominal distemsion, fever, 
jaundice, and malaise 2-4 weeks before admission, 
and to have been previously well. Questioning 
suggested that these children had, in fact, had 
abdominal distension before the acute episode, 
and that these were children similar to (1) 
presenting at a later stage. 


Table 2 Family history 


Indian Other P 
childhood hepatic 
cirrhosis disorder.. 
(n=59) (n=53) 
Consanguinuity 10 1 0-014* 
Number excluding 42 39 
first born 
Number with affected 18 6 0-01* 


sibling or first cousin 


*Fisher’s exact probability test. 
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Fig.2 Duration of abdominal distension, feyer, and 
jaundice noticed by parents before presentation to 
hospital in 59 children with Indian childhood cirrhosis. 


Presenting symptoms. The symptom precipitating 
presentation to hospital was: abdominal distension 
in 40%, persistent fever in 24%, a lump in the belly 
(the hard enlarged liver) in 12%, and jaundice in 7%. 
The frequency and duration of the three most 
common symptoms is shown in Fig. 2. 


Physical examination. On examination hepatomegaly 
was present in all cases of ICC, the liver having a firm 
or hard consistency and a strikingly sharp edge in 
most cases. Its surface was smooth in 75% and 
nodular in 25%. Splenomegaly was found in 97%, 
ascites in 63%, jaundice in 53%, and dilated 
abdominal wall veins in 47%. An unexpected feature 
was the presence of a palpable gall bladder in 4 
children at presentation, and in 11 further cases 
during its course. These children were generally ill 
and febrile, with conjugated hyperbilirubinaemia 
(total bilirubin 181 +19 mol/l; conjugated bilirubin 
87+68 umol/l), and a poor prognosis; death 
occurred in 10 children 3 to 65 days after the sign was 
noted. In 2 children, treatment with antibiotics 
(ampicillin, gentamicin, and metronidazole) was 
associated with disappearance of the palpable gall 
bladder.1® 


Prognosis. One child with ICC was lost to follow-up. 
The survival of the remaining 58 is shown in Fig. 3. 
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Fig. 3 Length of survival after presentation of 58 
children with Indian childhood cirrhosis. 


No significant difference in survival was seen in 
penicillamine-treated cases. Forty-five per cent died 
within 4 weeks, 74% within 8 weeks, and 86% 
within 6 months. The mode of death in all cases was 
hepatocellular failure, precipitated in some children 
by intercurrent infection or gastrointestinal 
haemorrhage. After one year, only 6 children 
survived. Of these, 3 died in the second year (1 from 
a measles encephalitis), while the remaining 3 remain 
alive in good health but with firm hepatomegaly 
13-20 months after presentation. 

Survival was significantly inversely correlated with 
the presence of jaundice and ascites at presentation, 
but not with age at presentation, duration of history, 
ponderal index (weight/height?), or size of liver or 
spleen.. 


Laboratory investigations. Laboratory investigations 
were compared in children with ICC and those with 
other hepatic disorders who were in the same age 
range (Table 3). Haemoglobin values were lower in 
ICC, and were significantly correlated with survival 
(r==0-33, P<0-02) and inversely with serum bilirubin 


_ &=-0-46, P<0-001). Total bilirubin, serum alanine 


transaminase, and prothrombin time showed greater 


Table 3 Laboratory investigations in children with 
Indian childhood cirrhosis and in children of similar 
age with other hepatic disorders 





Indian Other t P 
childhood hepatic 
cirrhosis disorders 
(n= 59) (n=25) 
Hb g/dl 7+64+2-0 8-943-1 2-15 <0-02 
Total bilirubia 75475 29+41 2:67 <0-02 
(umol/I) 
Serum alanine 126+80 48 +48 4-08 <0-001 
transaminase [U/1 
Prothrombin time 9-5+48:-2 4-84+4-2 2-28 <0-02 


before vitamin K— 
seconds prolonged 


Albumin 4-02+0-60 4-2542-35 0-67 >0-5 
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abnormalities in ICC, while serum albumin concen- 
tration was similar in both groups, and showed no 
correlation with ponderal index. 


Other hepatic disorders 


Putative ICC. Four infants, aged 5-20 months, were 
referred because each had at least one sibling who 
had died from histologically proved ICC, and had 
been found to have firm hepatomegaly. Liver, 
function tests were normal. In each case, liver 
histology showed preservation of normal archi- 
tecture, but the presence of ballooned, vacuolated 
hepatocytes. These infants have been followed up 
for 12-20 months, and remain clinically well. 


Obstructive jaundice in infancy. Of 8 infants with 
cholestatic jaundice, 5 had extrahepatic biliary 
atresia diagnosed at laparotomy in two, at 
laparoscopy in two, or at limited necropsy examina- 
tion in one. Their ages ranged from 1-5 to Il 
(mean 5-7) months, and in one infant aged 4 months 
with a ‘correctable’ atresia, bile drainage was 
achieved surgically. Only 3 cases of neonatal 
hepatitis presented to hospital. Of these, one died, 
and another, who had at age 6 weeks developed 
jaundice and a cerebral haemorrhage, presented at 
age 8 months with continuing liver disease and 
hemiplegia. 


Chronic active hepatitis and Wilson’s disease. 
Two cases of Wilson’s disease were seen. These, and 
2 of 5 further cases of chronic active hepatitis, ° 
already had cirrhosis at presentation. Evidence of 
hepatitis B infection was found in one case. 


Unresolved hepatitis. In 12 children, aged 1-2 to 4 
years, liver biopsy showed features of an unresolved 
hepatitis, without piecemeal necrosis or disruption of 
the limiting plate. Clinical differentiation from ICC 
was difficult in these cases. Eight had had a hepatic 
illness within the previous 8 weeks, and liver biopsy 
was indicated because of persisting significant 
hepatosplenomegaly. Four had had abdominal 
distention for 2-8 months. The most helpful physical 
sign in distinguishing these children from those with 
ICC was the liver consistency, which was firm rather 
than hard, and the liver edge which was rounded 
rather than sharp. 


Other cirrhoses. Six children had biopsies showing 
cirrhosis without the features of ICC or chronic 
active hepatitis. The youngest of these, aged 13 
months, had 2 siblings who had died in infancy from 
an illness clinically diagnosed as ICC. He had pre- 
sented at age 5 months with a hepatic illness but, 
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despite continued hepatosplenomegaly ard abnormal 
liver function tests, he subsequentl< remained 
clinically well. 

Two boys, aged 5 years, presented wEh a 2-week 
history of abdominal pain and jaundice-progressing 
to acute hepatic failure and death; cirrF osis was an 
unexpected finding at necropsy. 

The remainder, aged 3--5 years, had a compensated 
inactive cirrhosis. . 

None had «-1-antitrypsin deficiency o- hepatitis B 
infection. 


Venous outflow obstruction. Two boys, aged 3 and 5 
years, presented with a 2-week history o= abdominal 
distension, fever, and vomiting, and aad clinical 
features suggestive of Budd-Chiari synGrome. Liver 
biopsy showed severe centrizonal conzestion and 
central vein dilatation. Both died. In a third child, 
aged 7 months, with a biopsy suggestive of venous 
outflow obstruction, ascites resolved and_he survived. 
No cardiovascular abnormalities were demonstrated. 


Hepatic copper concentration 


Hepatic copper concentration was mezsured in 95 
children with chronic liver disease, and in 27 controls 
(Table 1). In 15 neonates dying from non-hepatic 
causes, values were higher than in later infancy or 
older children. 

Fifty-three children with ICC all hed very high 
values, range 790 to 6654 ug/g dry weight. In all of 
these biopsies, orcein and rhodanme staining 
showed heavy granular copper and copper-associated 
deposition. 

Two of the 4 infants with ‘putative eazly ICC’ had 
raised hepatic copper concentrations and scanty 
orcein staining, whereas 2 had normal copper 
concentrations. 

Values exceeding 250 ug/g dry weignt were also 
seen in Wilson’s disease, in 1 of 3 cases of chronic 
active hepatitis, in 3 of 4 cases of extra hepatic 
biliary atresia, and in 1 child with cryptogenic 
cirrhosis. Hepatic copper concentraticn correlated 
with a subjective quantitation of grade ef orcein and 
rhodanine staining in all cases except the 5-year-old 
boy with Wilson’s disease in whom orcein staining 
was scanty. 


Discussion 


The histological features of ICC clearly distinguish it 
from other hepatic disorders, and it was felt 
important in this study to identify a group of 
children with ICC on histological cnteria. Some 
authors have preferred to widen the definition. In 
the classification of Aikat et al.* for example, chronic 


active hepatitis was called ICC type 1; ICC as 


described in this paper as ICC type 2; cryptogenic _ 


cirrhosis as ICC type 3; and macronodular cirrhosis 
with steato-necrosis as ICC type 4. Inclusion of 
types 1, 3, or 4 of Aikat et al., or of children clinically 
diagnosed as suffering from ICC but actually having 
an unresolved hepatitis, would markedly have 
altered the survival statistics in the present study. 

While the present data do not allow an estimate of 
the prevalence of paediatric liver disease in Pune 
children, it is clear that ICC, as the most common 
liver disorder in 1- to 5-year-old children, contributes 
significantly to mortality in that age group. The 
pathogenetic features restricting ICC to the age 
range 8-39 months remain to be elucidated, as does 
the difference from other series in which children up 
to 12 years have been included. 

While boys with ICC outnumbered girls, the 
similar male predominance in other hepatic disorders 
suggests that this.may be caused by the referral 
pattern. Parekh and Patel,’® in their field study, 
found that ICC affects the sexes equally. It may be 
suspected, therefore, that there is a population of 
infant girls with ICC dying at home undiagnosed. 

The clustering of ICC within sibships may equally 
well be due to common environment or common 
genes. However, the high rate of parental con- 
sanguinity supports the contention of Agarwal 
et al.” of a genetic role in its aetiology. Restriction of 
ICC to the Asian subcontinent suggests that environ- 
mental factors are also important. This study has 
identified areas of high incidence of ICC to the 
north-east of Pune, scrutiny of which is in progress in 
an attempt to elucidate these factors. 

The onset of ICC is generally described as 
insidious in 75%, and hepatitic in 25 %.° ® Only 8% 
of the present group had a history of a hepatitic 
illness in the previous.9 months. In a further 12%, a 
sudden onset of jaundice, fever, and malaise pre- 
cipitating presentation was felt to be a terminal 
deterioration of an established disease. The generally 
insidious onset of ICC partly explains the advanced 
stage of the disease at presentation. Many parents 
however, describe symptoms which have been 
present for as long as 3-6 months and other reasons 
for delay in seeking medical advice were apparent. 
Such reasons included: the rural rather than urban 
origin of cases; the frequency of abdominal dis- 
tension as a symptom -of more benign disorders; 
parental distrust of doctors which led them to seek 
other healers, as demonstrated by the frequency of 
branding marks of varying ages on the abdomen; the 
fear of hospitals fostered by the death of a previous 
sibling. 

The advanced stage of ICC at presentation was 
demonstrated by the poor survival. Six months 


ale 


after presentation, only 14% were still alive. These 
survivors however, had an excellent chance of being 


- alive after 6 further months. Their continued 


follow-up will be of considerable interest. Do they 
contribute to the group of children presenting with 
cryptogenic cirrhosis later in childhood ? If so, have 
other older children with cryptogenic cirrhosis 
actually had a milder ICC which remained 
undiagnosed ? 

Clearly, any therapeutic progress in this disease 
depends on much earlier identification of cases, 
seeking them out in their villages rather than waiting 


for them in city hospitals and this requires simple 


diagnostic methods. A clinical diagnosis was 
correctly made in the majority of the 59 children 
with ICC, the stony hard consistency and very sharp 
edge of the liver being pathognomonic. Wrong 
diagnoses of two kinds were made, however: several 
of the younger children with ICC were felt to be ‘too 
well’ and to have insufficiently hard hepatomegaly; 
conversely, several older children, clinically 
diagnosed as ‘early ICC’ had histological features of 
unresolved hepatitis. Thus, clinical diagnosis is 
reliable only when it is far too late to be valuable. 
Standard laboratory tests were also unhelpful, 
although as a group, children with ICC had lower 
haemoglobin concentrations and higher trans- 
aminase values. Liver biopsy currently therefore, 
remains essential for diagnosis. While no serious 
complications of biopsy occurred in this series, the 
need for this procedure is the largest practical and 
ethical obstacle to a search in the community for 
early cases. Hopes of a non-invasive diagnostic 
method currently rest on the abnormal copper 
storage found in ICC. 

The present series corroborates the earlier finding 
of a grossly increased hepatic concentration in ICC, 
the value of 6654 ug/g dry weight being the highest 
value recorded in human liver. Measurements in 
controls show no significant difference from western 
reports. Values above 800 ug/g clearly distinguished 
ICC from other paediatric disorders with the 
exception of Wilson’s disease. A striking and 
previously described feature of the 5-year-old child 
with Wilson’s disease was the failure of rhodanine 
or orcein to demonstrate the excess copper or 
copper-associated protein in liver sections.” 22 In all 
other children assessments of copper biochemically 
and histologically were in concordance. 

The opportunity to compare extra hepatic biliary 
atresia in Indian children with ICC demonstrated 
that cholestasis was. unlikely to explain the hepatic 
copper storage in ICC, the values in extrahepatic 
biliary atresia resembling those found in western 
reports.?? 

Of the 4 younger siblings of children with ICC who 
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had hepatomegaly and minor histological abnor- 
malities, 2 had raised hepatic copper concentrations 
and all have remained well. Two other reports of 
larger numbers of asymptomatic siblings have found 
that very few! or none*? proceed to ICC. Further 
large studies are necessary to determine whether 
these siblings have a forme fruste of ICC; whether, 
for example, they are affected by only one of two or 
more aetiological mechanisms required to cause the 
disease; and what is their long-term prognosis. 

Although the numbers of cases in other diagnostic 
categories were small, several features were apparent. 

The late referral.of babies that conjugated hyper- 
bilirubinaemia resulted in few babies with neonatal 
hepatitis coming to hospital. If the pattern of 
neonatal hepatitis in India resembles that in the 
UK,” most such idiopathic hepatitides will recover 
spontaneously at home. 

The 3 cases of Budd-Chiari syndrome represented 
a group which requires further investigation. 

Chronic hepatitides were common. As in the 
UK, chronic active hepatitis was likely to have 
progressed to cirrhosis by the time of presentation to 
hospital. In a population where infectious hepatitis is 
common, suspicion of chronic active hepatitis is 
low and immunological methods for autoantibodies 
are generally not used. As a treatable liver disorder, 
chronic active hepatitis deserves greater attention. 


We thank the Wellcome Trust for generous financial 
support, the paediatricians who referred cases, 
H R Patel for technical assistance, and Mrs Anne 
Gilbert for secretarial help. 
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Early iron overload in beta-thalassaemia major: 
when to start chelation therapy ? 
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SUMMARY Twenty-eight children with -thalassaemia major aged between 11 and 48 months were 
given intensive transfusions. Serum iron, transferrin saturation, serum ferritin, non-transferrin iron, 
and subcutaneous desferrioxamine-induced urinary iron excretion were measured. The results 
showed that even children with a limited number of transfusions had severe iron overload as 
indicated, in particular, by the raised serum ferritin levels and the high excretion rates after sub- 
cutaneous infusion of desferrioxamine. The desferrioxamine test was useful, even in very young 
children, in assessing response to chelation therapy thus enabling such treatment to be started 


early to prevent harm from iron overload. 


Severe iron overload develops progressively in 
patients with transfusion-dependent homozygous 
@-thalassaemia, so that there is a need for continuous 
chelation therapy. The recent use of subcutaneous 
desferrioxamine infusion now enables chelation 
therapy to be started early even though its effective- 
ness in preventing toxic iron accumulation in 
@-thalassaemia major children still has to be 
proved.!~? 

The purpose of this work was to study serum 
iron, transferrin saturation, serum ferritin, the 
non-specific iron fraction, and urinary iron 
excretion in polytransfused patients with 6- 
thalassaemia major, aged between 11 and 48 
months, before they were started on chelation 
therapy, in order to assess at what age iron overload 
and early signs of iron toxicity develop and how 
soon chelation therapy should be started. 


Patients 


Twenty-eight children with @-thalassaemia major, 
aged between 11 and 48 months, not yet given 
chelation therapy, were studied. Each was given 
regular intensive transfusion, starting at age 6-12 
months. The annual mean Hb level was higher than 
12-9 g/dl (Table 1). None had been splenectomised. 
Beta-thalassaemia major was diagnosed by routine 
tests, by the degree of anaemia before blood trans- 
fusion, and by the parents’ history. On the hypothesis 
that the patients had vitamin C deficiency (we. did 


not have the facilities to measure levels of vitamin 
C), each child was given 100 mg ascorbic acid by 
mouth daily, for a week, before the desferrioxamine 
(Desferal) test. In the test, desferrioxamine was given 
by slow (8 hours) subcutaneous infusion: first 
20 mg/kg for 3 days and then 40 mg/kg for 3 days. 
Samples of urine were collected for 3 days and the 
daily average urinary .iron excretion rate was 
calculated. 


Methods 


All serum samples were obtained before vitamin C 
administration for the desferrioxamine test was 
started. To avoid iron contamination disposable 
iron-free equipment was used throughout the study. 
All glassware was pretreated for 6 hours in 2N 
hydrochloric acid solution and rinsed several times 
in iron-free distilled water. 

Levels of serum iron and total iron binding 
capacity were determined by colorimetric analysis, 
as recommended by ICSH.’ Latent iron binding 
capacity was measured with a saturated solution 


Table 1 Annual mean Hb levels Gneani.SD) 
maintained by transfusion in thalassaemia major children 


Ages (months) Number of children Haemoglobin (g/dl) 


11-24 7 13-340-4 
25-36 8 13-640-6 
37-48 13 12-941-0 
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containing a volume of FeCl, solution sufficient 
to give about 10000 counts/ml per minute in the 
final solution, as described by ICSH.?° Serum ferritin 
was measured by a two-site immunoradiometric 
assay (Ramco). The sera containing the highest 
serum ferritin concentrations had to be diluted 1 : 20. 

Unbound iron was measured in dupdicate serum 
samples using the method of Hershke et al.8 All 
sera were Obtained from patients before being given 
iron chelation therapy for 3 days. Brizfly, 1 ml of 
serum was mixed with 0-5 ml of pH 7-45 buffer 
containing 5 mmol/l tris and 0-16 rrol/l sodium 
chloride and 0-5 ml 0-01 mol/l EDTA, pH 7:5. 
The mixture was incubated at room temperature for 
10 minutes. ) 
- The solution was then placed in a CF 25 Amicon 
filter cone (Amicon Corporation, Lexington, 
Massachussetts) and centiifuged at 40C x g for 20 
min. The CF 25 Amicon filter cones retain 95% of 
molecules with molecular weight greater than 25 000. 
About 1 ml of filtrate was obtained from each 
sample. Filtrate iron concentration was measured 
by atomic absorption spectroscopy. 

Before use, the filters were soaked in EDTA for 
2 hours in order to remove any iron coatamination. 
Urinary iron excretion was evaluated by atomic 
absorption spectroscopy too. Red cells indices were 
determined in a Coulter electronic vell counter. 


Table 2 Data for the 28 children 


Age Age at which Total bie od 
Case (months) first transfusion transfused 
given (montis) Qni) Serum 
iron 
(ug]100 ml) 
i li if 544 244 
2 17 2 2440 244 
3 17 2 2632 211 
4 18 8 3080 197 
5 19 6 2860 57 
6 22 2 2928 174 
7 24 5 2688 255 
8 26 8 3466 215 
9 26 3 4192 i355 
19 28 4 4216 216 
li 28 4 4424 255 
12 29 6 2584 208 
13 32 6 3722 107 
14 33 3 6480 234 
{5 36 il 5760 300 
16 37 12 4250 205 
17 38 6 8184 175 
18 39 7 $920 155 
19 4} if 6376 188 
20 44 6 10176 222 
21 45 6 5520 155 
22 47 24 5184 174 
23 47 5 10320 
24 48 14 10064 208 
25 45 i6 8824 175 
26 44 3 2000 231 
27 48 4 10406 155 
28 48 il $120 247 


Osmotic fragility was measured by adding hypotonic 
saline buffered to pH 7-4 and haemolysis was read 
photoelectrically. 

Hb A, was quantitated by DEAE-cellulose chro- 
matography! and Hb F by alkali denaturation.” 


Statistical methods. The coefficient correlation (r) 
between two independent variables was calculated. 


Results 


The details of all the patients, their ages, their ages at 
the first blood transfusion, the total amount of 
blood transfused, and the levels of iron at the time 
of the study are shown in Table 2. 

Mean values for serum iron, transferrin saturation, 
serum ferritin, and urinary iron excretion are shown 
in Table 3. AH levels were high, even in the youngest 
group of children. Desferrioxamine-induced urinary 
iron excretion after a dose of 20 mg/kg resulted in 
high levels only in children between 37 and 48 
months of age, but after a dose of 40 mg/kg the levels 
were very high in all children. There was no 
correlation between serum ferritin and the age of the 
patients. There was a weak correlation between 
desferrioxamine-induced urinary iron excretion (20 
mg/kg) and the age of patients (P<0-05), but not 
after a dose of 40 mg/kg. 


Post-transfusion values 





Transferrin Ferritin Urinary iron excretion (mg]24 ht) 
saturation (agiml) 

(%) Desferrioxamine Desferrioxamine 

(20 mgikg) (40 mgikg) 

100 730 

100 3300 2-5 10-3 
85 1480 

1440 

36 660 2-4 4.6 
$1 4500 

100 4000 2 4.} 
100 2100 4-2 7+ 
49 1700 0-9 1-6 
100 2900 i 8-7 
106 2660 
100 1309 3-1 4-2 
58 1500 f 3 
100 2500 

100 1320 

89 1320 3-7 7 
50 4000 5:9 8-5 
47 1800 

88 2900 2-8 12 
72 3300 3-2 10-7 
Fi 1040 1.2 2.7 
87 2250 6-1 6-4 

4200 5-7 8-9 

100 4300 6-5 16-3 
{00 2700 2.1 10-5 
100 4300 

74 2600 6-2 9.3 
100 2109 6 7-4 
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Table 3 Mean serum iron, transferrin saturation, serum ferritin, and urinary excretion in patients with Q-thalassaemia 








major (mean +SD) 
Age Number of Serum iron Transferrin Ferritin Urinary iron excretion (mg/24 h) 
(months) children (ug/Z00 ml) saturation (ng/ml) iii eer — 
(A) Desferrioxamine Desferrioxamine 
(20 mg/kg) (40 mg/kg) 
11-24 7 197475 79 +28 230141596 2-3406-3* 6-44+3-6 
25--36 8 2114+59 $8 +22 1990-4623 2-24 I-8ł 4:74:30 
37-48 13 1914+31 81419 2831 +1128 4.541-9} 9-043-5 





*Performed in 3; tperformed in 5; performed in 11. 


There was a significant correlation between the 
amount of blood transfused and the serum ferritin 
level (P<0-01) (Fig. 1) and between the amount of 
blood transfused and  desferrioxamine-induced 
urinary iron excretion for both doses (P<0-01) 
(Fig. 2). A highly significant correlation between 
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Fig. 1 Correlation between serum ferritin and amount 
of blood transfused. 
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serum ferritin and 40 mg/kg desferrioxamine- 
induced urinary iron excretion rate (P<0-01) was 
observed, but not after 20 mg/kg (Fig. 3). 

Non-transferrin iron was detected in 11 of the 27 
patients, being present in those in whom the 
transferrins were completely iron saturated (Table 4). 
The non-specific tron concentrations were in the 
range of 9 and 28 ug/dl. 

There was no correlation between non-specific 
iron and either serum ferritin or desferrioxamine- 
induced iron excretion. 


Discussion 


Our findings show that there can be severe iron 
overload in children younger than 4 years old. The 
intensive transfusion regimens to which the children 
were subjected led us to assume that the major 
endogenous factor influencing iron absorption, 
erythropoiesis, is minimal in such young children, 
so that roughly the entire iron load could be 
attributed to the blood received.!* This is confirmed 
by the significant correlation between serum ferritin, 
which reflects iron stored, and the amount of blood 
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Blood transfused ( ml- 103) 
Fig. 2 Correlation between blood transfused and desferrioxamine-induced urinary iron excretion. 
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Fig. 3 Correlation between serum ferritin cnd desferrioxamine-induced urinary iron excretion. 
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Table 4 Non-transferrin iron in patients wih B- 
thalassaemia major 


Number of children 





Patients vith non- 
transferria iron 


a aaaea e E aana ooeeeee ree eT TER a 


Age (months) 


11-24 7* 1 
25-36 8 4 
37-48 13 6 





*Not performed in one patient. 


transfused. The high correlation between 
desferrioxamine-induced urinary irom excretion 
(after either 20 or 40 mg/kg), which reflects the 
chelatable iron pool, and the amount of blood 
transfused also supports this view. Moreover, the 
positive relationship between serum ferritin and 
urinary iron excretion after des errioxamine 
confirms that both these parameters are directly 
related to iron load. 

It should be noted that transferrir saturation, 
serum ferritin, and urinary iron excretion after 
subcutaneous infusion of desferrioxamine (par- 
ticularly after 40 mg/kg) were greatly raised in 
very young children. Some of them even:showed iron 
overload after only a few blood units and we feel 
that an early start of chelation therapy in such 
children may delay the iron load-induced tissue 
damage (as was shown by Modell!®). Tre finding of 
non-specific iron in children younger ~han 4 years 
extends Hershko’s observations. He found non- 
transferrin iron, considered to be an index of iron 
toxicity, in patients with @-thalassaemf major and 
intermedia aged between 6 and 30 yeers who had 
secondary haemochromatosis.? Simiarly, Batey 
et al4 recently found non-transferrin iron in the 
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sera of patients with severe iron overload caused by 
idiopathic haemochromatosis. 

The presence of non-transferrin iron in the sera 
of these patients confirms that iron overload and 
iron toxicity develop very early in children with 
6-thalassaemia major. The lack of correlation 
between non-transferrin iron and either serum 
ferritin or urinary iron excretion may be due to the 
fact that there were few patients studied or that the 
iron overload was at an early stage. 

Our findings show that §-thalassaemia major 
children, even those younger than 2 years, can have 
a severe iron overload and that regular subcutaneous 
infusion of desferrioxamine could greatly improve 
survival and should be started as soon as possible— 
that is from about the 3rd transfusion—according 
to the response of the patient to the desferrioxamine 
test performed with both doses (20 and 40 mg/kg a 
day). 


We thank Dr G Masera, Dr C Vullo, Dr G Fiorelli, 
and Dr M Miniero for advice and their methodo- 
logical contribution. 
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Effect of indomethacin on clinical progress and renal 
function in cystinosis 


G B HAYCOCK, J AL-DAHHAN, R H K MAK, AND C CHANTLER 
Evelina Children’s Department, Guy's Hozpital, London 


SUMMARY Three children with neph-opathic cystinosis were treated with indomethacin 3 mg/kg 
a day for periods ranging from 9 to 18 months. The drug produced worthwhile clinical improvement 
in all, with marked beneficial effecte on polyuria, polydipsia, and general wellbeing. Clearance 
studies performed under conditions of maximal water diuresis showed that proximal tubular sodium 
reabsorption was increased in all childzen, with consequent reduction in sodium delivery to the distal 
nephron leading to reduced free water clearance and distal tubular cation exchange. Plasma sodium 
‘and potassium concentrations became normal in all patients, with improvement in phosphate and 
bicarbonate concentrations in one. Renal function continued to deteriorate, but without obvious 
acceleration of the process by the drug. We were unable to demonstrate a beneficial effect on growth; 
nevertheless, indomethacin is a usefail adjunct to the symptomatic treatment of children with 


severe nephropathic cystinosis. 


The specific metabolic defect underlying nephro- 
pathic cystinosis has not been identifisd, and no 
treatment has yet been shown convincingly to 
arrest, or even retard, the progression of the disease 
to end stage renal failure? Recent reports of a 
possible beneficial effect of cysteamine*-’? and 
phosphocysteamine® must be regarded as pre- 
liminary and in need of confirmation by longer-term 
studies. Some palliation of the metabol.c effects of 


the Fanconi syndrome is usually possikle, and the- 


judicious use of modern vitamin D metabolites? 1° 
is certainly of benefit in the treatmert of hypo- 
phosphataemic rickets; nevertheless, affected 
children rarely thrive and the results of symptomatic 
therapy are less than satisfactory, particularly as 
regards growth. Reports of the sodium- and water- 
retaining properties of prostaglandin synthetase 
inhibitors in various conditions'-™“ prompted us 
to investigate the effects of indomethacin on renal 
function and clinical progress in = cystinotic 
children. 


Case reports 


Case 1. A girl, was investigated at age 4 years for 
long-standing polyuria, polydipsia, and hypo- 
kalaemia. The diagnosis of cystinosis wa: established 
by the finding of typical ophthalmoscoric and bone 
marrow appearances. Her growth wes the least 


severely affected of the 3 patients at the time of 
diagnosis; at 4 years and 2 months her height was 
97-5cm and her weight 13-25 kg. Her treatment 
before the study was 6 effervescent potassium tablets 
daily and dihydrotachysterol 0-25-0-5 mg daily. At 
the time of starting indomethacin she was found to 
be hypothyroid and L-thyroxine 0-1 mg daily was 
given. 


Case 2. Also a girl, failed to thrive from age 2 
years with polyuria, polydipsia, and photophobia. 
Corneal and bone marrow examination confirmed 
the diagnosis of cystinosis when she was 34.-For the 
next 2 years she was treated with vitamin D 
(calciferol) 6000-60 000 units daily, a mixture of 
sodium and potassium citrate in varying doses, and 
energy supplements. L-thyroxine 0-1 mg daily was 
added at 6 years 7 months. At entry into the study 
aged 5 years 11 months her height was 99 cm and 
her weight 13-5 kg. 


Case 3. A boy, was the most severely affected child 
studied. Polyuria, polydipsia, and severe growth 
retardation began in the first year of life. During an 
episode of dehydration at age 14 months crystals 
were noted in the cornea, and characteristic bone 
marrow appearances were seen a little later. When 
first seen at Guy’s Hospital aged 8 years 5 months 
his height was 91-4 cm and his weight 13-2 kg. His 
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treatment before the study was I-a-hydroxy- 
cholecaiciferol 0-5 mg daily, sodium bicarbonate 
6 mmol, and potassium bicarbonate 6 mmol four 
times daily. L-thyroxine 0-1 mg was added at 8 years 
11 months. 


Methods 


Each patient was studied twice, before and after 2 
weeks’ treatment with indomethacin 2-3 mg/kg a 
day, treatment being continued through the second 
study period. The following protocol was followed 
on both occasions. 

Blood and urine samples were obtained at the 
beginning of the study for routine biochemistry and 
inulin blanks. After a bolus injection of 1 ml/kg, a 
constant infusion of 10% inulin solution was 
maintained throughout the study at a rate calculated 
to give a plasma concentration of 25-35 mg/100 ml. 
A period of 30-40 minutes was allowed for the inulin 
to equilibrate, during which water was administered 
in a dose of 600-800 ml/m? body surface area to 
induce maximal water diuresis. The diuresis was 
maintained by replacing voided urine with equal 
volumes of water until the investigation was 
complete. Two or three consecutive 20-minute 
urine specimens were collected; the high rate of 
urine flow enabled all the children to comply with 
this requirement without difficulty. Heparinised 
blood specimens were obtained at the midpoint of 
each 20-minute collection period; constant inulin 
concentrations were achieved in all studies. 
Extracellular fluid volume expansion was then 


induced by the intravenous infusion of isotonic 
saline 20 ml/kg over 20-40 minutes, after which two 
further timed urine and blood samples were 
obtained. 

Inulin in plasma and urine was estimated by the 
method of Heyrovsky,!° modified for 10 ul samples. 
Urine and plasma osmolality was measured by 
freezing point depression on an Advanced 3W 
osmometer. Plasma electrolytes were estimated by 
standard methodology using a Vickers multichannel 
automatic analyser. 


Calculaticns: 
Cin = Uin XVIPin 
Cosm = Uosm X V/Posm 
Cya = Una X V/Pra 
Fna = Cin X Pra 
Ena = Una x V 
DDyna = Pwa x (Cna t cH 20} 
DRya = DDya-Ena 
PRwa = Fua~DD 


Na 
FPRya A= PRya/Fra x 100 
FDRna oo DRna/Fra x 100 





U = urinary concentration, P = plasma concentration, C = clearance 
concentration, in = inulin, Na = sodium, osm = osmolality, V = 
urine flow rate, Fy, = sodium filtration rate, Ey, = sodium excretion 
rate, DDya = rate of delivery of sodium to the distal nephron, 
DRya = distal tubular sodium reabsorption rate, PPa = proximal 
tubular sodium reabsorption rate. The F— prefix indicates ‘fractional’ 
~-that is the proportion of the filtered load reabsorbed or excreted. i 


Results 


Indomethacin reduced glomerular filtration rate 
(GFR) (Cin) from a mean of 28-9 to 19-5 ml/min 


~ 


Table Renal tubular sodium handling before and during treatment with indomethacin 





Case GER 
(miimin per 1-73ms) 
Before treatment 
Before volume expansion i 28 
2 27 
3 32 
29 
After volume expansion 1 22 
i 2 27 
; 3 16 
22 
During treatment 
_ Before volume expansion 1 15 
2 18 
3 25 
20 
After volume expansion f 23 
2 32 
3 22 
26 





FNa PRNa DRNa ENa 
(mEg/min per 1~73ms) 

3-67 1-767 (48) 1-134 (30) 0-773 (21) 
3-36 2-627 (78) 0-375 1D 0-356 (LI) 
3-84 2-451 (64) 0.621 (16) 0-764 (20) 
3-62 2-282 (63) 0-710 (20) 0-631 (17) 
2-99 1-914 (64) 0-587 (20) 0-487 (16) 
3-50 2-349 (67) 0-699 (20) 0-447 (13) 
1-94 0-624 (32) G+ 625 (24) 0-687 (6) 
2-81 1-629 (58) 0-637 (23) 0-541 (19) 
2-00 1-613 (81) 0-243 (12) 0-148 (7) 
2-33 1 -663 (71) 0-416 (18) 0-252 (11) 
3-26 2.164 (67) 0-661 (19) 0-490 (15) 
2-53 1-813 (72) 0-420 (17) 0-297 (12) 
3-09 2-189 (71) 0-576 (19) 0-326 (11) 
4-26 3-236 (76) 0-634 (15) 0.392 (9) 
2-83 2-223 (79) 0-359 (13) 0-243 (9) 
3-39 2-549 (75) 0-523 (15) 0-320 (9) 


Figures in parentheses express the same quantities as percentage of filtered load. f , 
Fna = filtered sodium, PRyg = proximally reabsorbed sodium, DRyga = distally reabsorbed sodium, Ena = excreted sodium. 
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per 1-73 m; however, volume expanson largely 
reversed the fall to a mean value of 25-4. Mean 
absolute sodium excretion rate was recuced from 
0-631 to 0-297 mEq/min per 1-73 m? in the non- 
expanded, and from 0-541 to 0-320 in the expanded, 
state. The changes in Fey, were similar. “PRwa was 
greatly increased in both the expanded and the 
non-expanded state, while FDRw, shoved a small 
decrease. The full results are shown in the Table. 
The effect of indomethacin on the reabsorption 
of water and sodium in the proximal tubular is 
illustrated in Fig. 1; at all levels of GFR the drug 
increased the proportion of the filtered load re- 
absorbed in this segment (P<0-01 for water; 
2P<0-005 for sodium). Fig. 2 shows the effect of 
indomethacin on distal tubular sodium reabsorption; 
a significantly greater proportion of the sodium 
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Fig. 1 (a) Calculated proximal tubular watcr 


reabsorption rate (GFR-V) plotted against GFR. 

(b) Calculated proximal tubular sodium reabsorption rate 
plotted against sodium filtration rate. In eac? panel, the 
closed circles and the upper regression line represent 
values obtained on indomethacin, while the open circles 
and lower regression line represent yalues ob-ained off 
the drug. The vertical separation between each pair of 
regression lines is highly significant (upper penel, 
2P<0-01; lower panel, 2P<0-005). 
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Fig. 2 Free water clearance plotted against the sum of 
free water clearance and sodium clearance. Symbols as in 
Fig. 1. The two regression lines are significantly 
separated (2P<0-02) although the slopes are not 
significantly different (2P >0-2). 


delivered to the distal nephron was reabsorbed in 
the presence of the drug than in its absence 
(2P <0-02). 

Plasma sodium and potassium concentrations 
were increased in all 3 children, as were those of 
phosphate and bicarbonate in the one child who had 
low values before the study (Fig. 3). All children 
showed an acute weight gain which averaged 7% 
of pretreatment weight. 

All the children experienced clinical improvement. 
Polyuria, polydipsia, and salt craving were greatly 
reduced. Appetite increased in 2 patients but 
remained poor in the third. Increased wellbeing and 
energy were reported by all 3 families. 

The effect of long-term treatment on renal function 
is shown in Fig. 4. Linear growth before and after 
the introduction of indomethacin is shown in Fig. 5. 
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Fig. 3 Effects of 2 weeks’ treatment with indomethacin 
on plasma electrolyte concentrations. 
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Fig. 5 Linear growth of the 3 patients in relation to 
indomethacin therapy. 


Discussion: 


Children with nephropathic cystinosis suffer growth 
failure, polyuria and polydipsia, hypophosphataemic 
rickets, and chronic electrolytic imbalance’®; these 
features are due, at least in part, to the presence of 
the renal Fanconi syndrome. Partial correction of 
the metabolic abnormalities may be achieved with 
supplements of salt, alkali, potassium, and 
phosphate; however, in at least some patients such 





Plasma 
Fiat Fig. 4 Plasma creatinine concentrations 
ree before, during, and after indomethacin 
3 treatment. 


attempts at replacement therapy may be self- 
defeating, since the volume expansion induced by 
the extra salt reduces tubular reabsorption, not 
only of sodium, but also of glucose, bicarbonate, 
and phosphate, thus actually worsening the 
situation.!” 

The physiological role of prostaglandins in the 
control of nephronal function is not yet clear, and 
contradictory reports have appeared with regard to 
their effects.!8 1? However, inhibition of prosta- 
glandin synthetase with indomethacin consistently 
reduces renal blood flow and GFR. and enhances 
tubular sodium reabsorption.?? This effect has been 
demonstrated in Bartter’s syndrome, diuretic 
abuse,!? renal tubular acidosis,4 and in newborn 
infants with patent ductus arteriosus.’* The first 
reported use of indomethacin in cystinosis was by 
Bétend et al?! who demonstrated a reduction in 
polyuria, improvement in plasma electrolyte values, 
and growth enhancement; the beneficial effect on 
polyuria was confirmed in 2 further patients by 
Lemire and Kaplan." Proesmans ef al.2 obtained 
similar results and showed the reduced urine volume 
to be associated with reduced free water clearance. 
The present study was undertaken to investigate in 
more detail the effect of indomethacin on renal 
function, particularly renal sodium and water 
handling, and on the clinical progress of the disease. 

The acute effect on GFR was clear and similar to 
that described in other conditions. The fact that 
saline volume expansion reversed the fall supports 
the view that the effect on GFR is secondary to a 
haemodynamic change; this would be entirely 
consistent with the assumption that renal prosta- 
glandins are glomerular vasodilators. As regards the 
long-term effect on glomerular function, our data do 
not permit a firm conclusion to be drawn. In one of 
the 2 children in whom indomethacin was stopped 
there was a substantial subsequent fall in plasma 
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creatinine, suggesting that reversible glomerular 
vasoconstriction persisted throughout treatment. 
The general trend shown by all 3 patien#s is similar 
to that seen in untreated children, and there is no 
evidence that the drug accelerates thet inevitable 
decline into end stage renal failure. 


The method used to investigate tubular sodium 
handling relies for its validity on the assumption 
that ‘solute-free water’ is generated ir the distal 
tubule by reabsorption of sodium (with én attendant 
anion) without water; hence the neec for water 
diuresis to suppress antidiuretic hornone. The 
distinction between proximal and distal tubule made 
in this way is functional rather than anacomical, the 
two segments meeting at the point in the ascending 
limb of the loop of Henle at which the tabular fluid 
is isotonic with respect to plasma, presumably near 
the corticomedullary boundary. Thus tae proximal 
tubule, as defined in this way, includes tne loop. 


Analysis of tubular reabsorption of sa-t and water 
(Figs 1 and 2) shows that both proximal and distal 
nephron segments reabsorb a larger fraction of the 
sodium presented to them under the influence of 
indomethacin than under control conditions. The 
reduction in sodium delivery to the cistal tubule 
leads to diminished tubular sodiurm-potassium 
exchange, which is probably the major zause of the 
hypokalaemia characteristic of the disease, and to 
relief of polyuria and salt wasting. These effects 
could be mediated in at least three ways: (1) by 
enhancing sodium transport in proxima convoluted 
tubule, (2) by increasing active chloride seabsorption 
in the ascending limb of the loop, or (3) by a 
haemodynamic change alone, modifying the Starling 
forces in the peritubular capillaries, whicn are known 
to affect the rate of fluid reabsorp ion in the 
proximal convoluted tubule.24 Glomerular vaso- 
constriction would reduce peritubuler capillary 
hydrostatic pressure, altering the balarce of forces 
in the required direction. Thus it is possible to 
explain the observed effect of indomethacin on both 
GFR and sodium reabsorption withouz necessarily 
having to postulate an action of the drug (or of 
prostaglandins) on sodium transport pe~ se. 


Formal tests of tubular reabsorptior of glucose, 
bicarbonate, and other substances wested in the 
Fanconi syndrome were not done, partly because 
both glucose and bicarbonate titratior studies are 
dangerous in hypokalaemic subjects and partly 
because of the ordeal for the children. Nevertheless, 
the rise in plasma bicarbonate and phosphate 
concentrations in Case 3 suggest that ~eabsorption 
was enhanced. There are grounds for expecting this 
to happen, in that factors such as extracellular fluid 
volume which affect proximal tubular sodium 


reabsorption also affect the renal threshold for these 
other substances. 

The lack of obvious growth enhancement is 
disappointing. Given that the children were already 
in quite severe renal failure, it may be that their 
growth was better that it would have been without 
treatment. More extended studies on children at an 
earlier stage of the disease will be needed to settle 
this point. The general clinical benefits of treatment, 
however, were striking. Relief of polyuria and 
polydipsia led to one child (Case 1) sleeping 
through the night, having previously risen up to 6 
times nightly to pass urine. Despite the experimental 
nature of the treatment and its risks (see below), all 
parents wished to continue treatment when the 
studies were completed. Since the investigation was 
performed, several more children with cystinosis 
have been treated with indomethacin, with marked 
clinical benefit in all cases. Improvement in appetite, 
energy, and general wellbeing, in addition to 
reduction in urine volume, were the effects most 
commonly commented upon by the families of these 
children. 

A fourth child, treated but not included in the 
clearance studies, suffered a duodenal perforation 
which was successfully treated in another hospital. 
However, he had complained of dyspeptic symptoms 
for some time before the emergency, and this was 
not brought to medical attention. Since this event 
we have taken pains to stress to parents the import- 
ance of such symptoms, and the advisability of giving 
the drug on a full stomach: no further side effects 
have been encountered. 

We conclude that, in children with nephropathic 
cystinosis who are not well controlled on 
conventional treatment, indomethacin produces 
significant clinical and biochemical improvement 
and is a beneficial adjunct to therapy. A useful effect 
on growth however, has not yet been demonstrated. 


We thank the children and their parents for their 
patience, forbearance, and co-operation during this 
study; Miss Ann Chapman for typing the 
manuscript. 
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Alcohol consumption in pregnancy. How much 


is safe ? 


P J M DAVIS, J W PARTRIDGE, AND C N STORRS 


Paediatric Department, Warneford Hospital, Leamington Spa, Warwickshire 


SUMMARY Nine hundred and seventy-three white women attending an antenatal clinic completed a 
questionnaire on parity, social class, smoking habits, and consumption of alcohol and coffee. 
Forty-nine per cent said they were non-drinkers and none of their babies had a major congenital 
abnormality; whereas 1:2% of the babies of the women who did consume alcohol had major 
abnormalities. The babies of women who said they drank more than an average of 20 ml alcohol a 
day had significantly smaller head circumferences than the babies of non-drinkers in some gestational 
age groups. Maternal serum Y-glutamyltransferase levels predicted abnormal fetal outcome in the 
3 women in whom they were raised. There is no safe level of alcohol consumption in pregnancy and 
even moderate ‘social’ drinking is associated with abnormal fetal outcome. 


There is a substantial risk of the fetal alcohol 
syndrome in the offspring of women drinking the 
equivalent of 90 ml absolute alcohol daily (5-6 hard 
drinks).1 Pregnant women consuming half that 
amount have an increased risk of having an infant 
born preterm, or one below expected birthweight, 
length, and head circumference, or with major and 
minor congenital abnormalities.” It has not been 
established if moderate ‘social’ drinking has any 
adverse effect on the fetus. We report the results of a 
survey of nearly 1000 pregnancies. 


Methods 


During 1980, all white women attending the booking 
clinic at the Warneford Hospital, Leamington Spa, 
were invited to complete a self-administered 
questionnaire, marked only with the patients 
hospital number. The study was closed when 1000 
completed questionnaires had been received, 1120 
women having been invited to participate. Data were 
collected on social class, smoking, and consumption 
during pregnancy of various beverages including 
coffee and alcoholic drinks. The women were also 
asked about ‘binge’ drinking of alcohol in pregnancy 
(excessive alcohol consumed on isolated occasions, 
as opposed to regular consumption of alcohol). 
Alcohol consumption was expressed as ml of 
absolute alcohol equivalent daily, averaged over one 
week’s consumption. Serum y-glutamyltransferase 
(y-GT), a useful indicator of alcoholic liver damage,® 


was estimated in women who had had blood taken 
for other purposes. Informed consent was obtained 
for this procedure. All babies were born in the 
Warneford Hospital and routine neonatal examina- 
tions were carried out by consultant paediatricians 
and junior staff who did not know the drinking 
history. Details of the baby’s gender, gestational age, 
Apgar score, birthweight, and head circumference 
were obtained from the neonatal case-notes together 
with information on congenital abnormalities, 
maternal age, and parity. Maternal height was not 
recorded. 


Results 


At booking, 15-7% of women were in the first 
trimester of pregnancy, 72% in the second, and 
12-3% in the third. Results of fetal outcome were . 
available in 973 of the 1000 pregnancies and are 
summarised in the Table. Twenty-seven women were 
lost to follow-up because they had moved from the 
area while pregnant. Of the 973 women, 479 (49%) 
said they had been non-drinkers during pregnancy, 
359 (37%) said they had drunk between 1 and 10 ml 
alcohol on average daily, 107 (11%) between 10 
and 20 ml daily, and 28 (3 %) women had drunk over 
20 mi daily. The highest reported consumption was 
80 ml daily and the baby was normal. There was no 
association between alcohol consumption and the 
number of abortions (22), stillbirths (7), multiple 
pregnancies (10), nor between gender, gestational 
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Tab.e Alcohol consumption in pregnancy and fetal outcome 





Alcohol intake (ml/24 h) 


0 1-10 11-20 21-30 31-40 41-50 51-70 Over 70 Total 

No cf cases 479 9%) 359 G7%) 07 G1%) 14 4 5:7 4 1 973 
Outcome of pregnancy 

Abcortions 11 6 4 0 1 0 0 0 22 

Stilbirths 4 3 G 0 0 0 0 0 7 

Multiple live births 5 3 2 0 0 0 0 0 10 

Singleton live births 459 347 101 14 3 5 4 I 934 

Neonatal! deaths 1 4 0 0 0 0 0 0 5 

Mior congenital abnormalities 8 6* 0 8 0 0 6 0 6 


*Significant x2 test, P= <0-01. 


age. and Apgar score of the babies. There was no 
sign-ficant difference between the rate of neonatal 
deaths in drinkers and non-drinkers (x? test, P=0-16, 
Yates’s correction for continuity was applied). The 
overall prevalence of smoking was similar in drinkers 
(23-3%) and non-drinkers (24-4%), but 46% of 


- those drinking more than 20 ml of alcohol smoked. 


None of the 473 babies of non-drinking mothers 
had a major congenital abnormality, but 6 (1-2 °%) of 
the 488 babies whose mothers admitted drinking 
alconol did have congenital abnormalities. Two such 
abnormal babies were among those born to the 57 
(3-524) mothers who admitted having had a ‘binge’ 
in early pregnancy. Comparison of this ‘binge’ 
group with the rest of the drinkers demonstrated 
that this apparently increased rate of abnormality 
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was not significant (x? test, P=0-1, Yates’s correction 
for continuity was applied). The babies-of non- 
drinkers had a significantly smaller rate of congenital 
abnormality when compared with the expected rate 
of 1-64% in south Warwickshire (x° test, P= <0-01), 
whereas those who had been exposed to some alcohol 
in pregnancy had within the expected rate of 
abnormality. 

The 6 major abnormalities were: iniencephaly; 
lumbosacral myelomeningocele; absent left ear 
(inner and middle ear included, confirmed by 
tomography); microcephaly associated with atrophy 
of the cerebral hemispheres and cleft palate; single 
cardiac ventricle with pulmonary stenosis and 
transposition of great vessels; multiple congenital 
abnormalities (agenesis of brain and kidneys, 


oO 
u> e® © @ 
A 


ee EES 
Dawnpan 


38 37 


Gestation in weeks 


Fig. I 


Alcohol consumption in pregnancy and birthweight (mean +: 2 SD). At each week of gestation the left line 


refers to infants of non-drinking mothers, the line on the right to infants of drinking mothers, and the symbols to individual 
babies of mothers drinking over 20 ml alcohol daily. There were too few babies of 35 weeks’ gestation to give meaningful 


standard deviation values. 
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Fig.2 Alcohol consumption in pregnancy and head circumference (mean 4- 2 SD). 


spina bifida, absent patellae, and pes valgus). Only 
one of the mothers of these babies smoked. 

There were 15 minor congenital abnormalities, and 
their incidence was not associated with alcohol 
consumption. They were: hydrocele (4), congenital 
dislocation .of the hip (2), undescended testis (2), 
accessory digits (2), urethral valves (1), accessory 
auricles (1), hooded prepuce (1), anal polyp (1), and 
pectus excavatus (1). Only 2 of the mothers of these 
babies were smokers. In no case of any abnormality 
was there a history of excessive coffee consumption 
in pregnancy.4 | 

A comparison in birthweight and head circum- 
ference was made between the 458 singleton liveborn 
babies of non-drinkers, the 475 similar babies of all 
the drinking mothers, and the 26 babies of the 
heavier drinking mothers who drank over 20 ml 
alcohol daily (1 infant of a diabetic mother was 
excluded from both the first and last of these groups). 
There was no significant difference in the distribution 
of social class (x? test, P==0-86) or parity (P=0-93) 
of the mothers but more of the heavier drinkers 
smoked. 

The results are shown in Figs 1 and 2. There was 
no significant difference between the birthweight and 
head circumference of the babies whose mothers 
drank alcohol and the babies whose mothers did 
not. There was a trend however, towards smaller 


birthweight and head circumference in the babies 
whose mothers drank more than 20 ml alcohol daily. 
The reduction in birthweight did not reach statistical 
significance, but the reduction in head circumference 
was significant in babies of 35, 38, and 39 weeks’ 
gestation (P=<0-001, <0-01, and <0-05 
respectively by / test). At these gestational ages all the 
babies of the heavier drinkers had a head circum- 
ference below that of the mean of non-drinkers’ 
babies. In this group of heavier drinkers, the results 
are classified according to whether the mothers’ 
cigarette consumption was nil, 1-10, or greater than 
10 cigarettes daily. It was apparent that the heavy . 
smokers tended to have the lighter babies with 
smaller head circumferences. 

A. total of 442 y¥-GT estimations was performed. 
Three results were abnormal: 42, 109, and 81 IU/L. 
(normal range less than 30 IU/I) from women 
reporting alcohol intakes of 22, 7, and 12 ml/day 
respectively. The first 2 women had babies who were 
small-for-dates (that is below the 10th centile for 
gestational age) and the third had a missed abortion. 


Discussion 
Reliable estimates of alcohol consumption are 


notoriously hard to obtain. Because the questionnaire 
was self-administered and because the questions on 
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alcohol consumption were mingled with a number of 
other unrelated questions, we feel that the informa- 
tion on alcohol consumption is reasonably accurate.’ 

None of the women in this study consumed as 
much alcohol as in the report of Clarren and Smith 
Nevertheless, consumption of over 20 mi daily had a 
measurable association with adverse outcome of 
pregnancy. The association of a fairly small level 
of alcohol consumption with major congenital 
abnormality is striking. The association of raised 
serum y-GT with abnormal fetal outcome in every 
case Is also noteworthy. 

The small number of cases does not allow us to 
make firm conclusions about any reduction in head 
circumference with alcohol consumption, but it 
would appear that some of the observed reduction is 
independent of smoking. As we have shown, those 
who drink heavily are more likely also to smoke. It is 
possible that the association of smoking with 
decreased birthweight may partly be due to alcohol 
consumption, as drinking habits have not been 
recorded in surveys of smoking in pregnancy.® Only a 
larger study will clarify this issue. 

It is not possible to state whether the relationship 
of alcohol intake and adverse outcome of pregnancy 
is causal, or whether it is due, for example, to an 
associated dietary or vitamin deficiency. Apart from 
complete abstention, no ‘safe’ level of alcohol 


consumption was found; even moderate ‘social’ 
drinking is associated with a risk of abnormal fetal 
outcome. 


We thank Sister J Noon and her staff for their 
co-operation; Mrs R Harvey for clerical assistance; 
Dr J Robinson for the y-GT-estimation; Dr J S 
Dodge for statistical advice. 
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Personal practice 


Investigation of suspected growth hormone deficiency 


R DG MILNER AND E C BURNS 


On behalf of the Health Services Human Growth Hormone Committee 
Department of Paediatrics, University of Sheffield, Children’s Hospital, Sheffield; Department of Growth and 


Development, Institute of Child Health, London 


SUMMARY This paper describes views of the Health Services Human Growth Hormone Committee 
on how a child suspected of growth normone deficiency should be investigated in a district genera! 


hospital or in a regional growth centre. 


Growth hormone (GH) deficiency is mare whereas 
short children are common. The successful manage- 
ment of children who are short or faiing to grow 
normally will depend on an effective partnership 
between the paediatrician working a district 
general hospital and those in charge of the 20 
regional growth centres in the UK. The former sees 
the majority of short children whereas the latter 
have special expertise in growth probEms and the 
facilities necessary for the full investigation of patients 
who may need GH therapy. 

The evaluation of a short child or one whose 
growth has slowed encompasses all aspects of 
paediatrics and the initial expert assessment by a 
paediatric consultant who knows the child in his 
environment is complementary, not susplementary, 
to the expertise of the paediatric endocrinologist 
working in a growth centre. Two lines of investiga- 
tion are essential in making the diagnosis of GH 
deficiency: auxology and endocrinology. Just as 
there are many causes of short stature other than 
GH deficiency, a low peak plasma GH level is not 
sufficient to make the diagnosis in a child who is 
growing at a normal rate, be he shorr or not. The 
measurement of height is painless but unfortunately 
some of the GH stimulation tests are umpleasant and 
in unskilled hands may be dangerous. _t is therefore 
vital that a national scheme for the Clinical evalu- 
ation and investigation of these patients uses the 
skills of the district general hospital an- the regional 
growth centre rationally so that a specific diagnosis 
can be made with the minimum discomfort and 
inconvenience to the child. This paper describes the 


Clinical members of the Committee: Dr J M H Buckler, Dr 
IA Hughes, DrD C L Savage, Dr CC ForsytL, Dr C S Smith, 
Professor J M Tanner 


recommendations of the Health Services Human 
Growth Hormone Committee for the assessment of 
GH status of children in the UK. 


The district general hospital 


The accurate measurement of height is essential for 
the diagnosis of GH deficiency. Every paediatric 
department should have a reliable stadiometer in 
regular use and if there is concern about poor growth 
the paediatrician should measure the child personally. 

Measurements are made at 3-monthly intervals 
and the results plotted on height centile charts. The 
majority of short children or those growing ab- 
normally slowly are not GH deficient and it is 
important to take note of the parents’ height and to 
interpret the patient’s height in the context of the 
bone age as well as the chronological age. If successive 
height measurements over at least 6 months are 
crossing centile lines downwards or deviating from 
the 3rd centile, the height velocity should be calcu- 
lated and plotted on a centile chart? (Charts for 
both height and weight velocity are available from 
Creaseys of Hertford Ltd, Castlemead, Hertford 
$G14 1LH.) Subnormal growth can be indicated by 
the height of the patient but height velocity is a 
more powerful diagnostic tool. If the height velocity 
over a full year is normal (above the 25th centile) the 
child is unlikely to be suffering from GH deficiency. 
Conversely a child with a height velocity below the 
25th centile measured over a full year should be 
reviewed carefully even if he is of normal height and 
even if the initial assessment and investigations have 
proved negative. 

The assessment of a short child will pay particular 
attention to the heights of the parents and siblings. 
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Table Useful laboratory screening tests for short children 
PAPAAAO 
Full blood count, serum iron Coeliac disease 
Blood chemistry 


Potassium Bartter’s syndrome 


_ Bicarbonate Renal tubular acidosis 
Creatinine Renal parenchymal] disease 
T4/TSH Hypothyroidism 


Chromosomes in girls 
Skull x-ray film 


Turner's syndrome 
Craniopharyngioma 





Evidence of intrauterine growth retardation will be 
sought. A search for dysmorphic build will be made 
on physical examination. Investigations will be 
dictated by clinical presentation but a useful set of 
laboratory screening tests is given in the Table. In all 
cases a radiograph of the left hand and wrist should 
be examined carefully for determination of accurate 
bone age,” since analysis of height by bone age as well 
as by chronological age may be a most reassuring 
index of normality. 

In most cases the initial assessment of the patient, 
including measurement of height velocity over 6 to 
12 months will be carried out at the district general 
hospital. If the balance of evidence favours GH 
deficiency the paediatrician will wish to test for it 
biochemically. Since a plasma GH level of >15 mU/1 
excludes GH deficiency biochemically, formal. tests 
of GH secretion are commonly preceded by screen- 
ing tests which are completed quickly, often on an 
outpatient basis at the price of only one vene- 
puncture. All plasma GH determinations should be 
performed by laboratories that participate in the 
supraregional assay service and this can be arranged 
by consultation with the hospital chemical 
pathologist. 

One of three screening tests is recommended in 
each of which one blood sample is collected for 
plasma GH. They are: (1) Post-prandial. (2) Post- 
exercise. (3) Sleep. 

A serum GH result of >15 mU/l from a screening 
test absolves the paediatrician from further bio- 
chemical investigation for GH deficiency. A result 
of <15 mU/I means that the child should have a 
formal test of GH secretion. The type of formal test 
and the place where it is performed depends on the 
bone age of the child. Children with a bone age of at 
least 10 years should be referred to the regional 
growth centre for a sex steroid-primed test. If the 
bone age is below 10 years a formal GH secretion 
test can be performed at the district general hospital 
or at the regional growth centre. 

Many tests of GH stimulation have been described 
and all have strengths and weaknesses, devotees and 
critics. The insulin tolerance test has been favoured 
in the past by the Health Services Human Growth 
Hormone Committee because the committee had 


more experience of it than any other test, but it is 
acknowledged to be unpleasant for the patient and 
potentially dangerous. For these reasons it is 
recommended that the formal GH stimulation tests 
undertaken at district general hospitals should be: 


(1) Oral clonidine test. (2) Intravenous arginine test. 
(3) Intramuscular glucagon test. 


It is now recognised that these tests have a false- 
positive and false-negative response rate similar to 
the insulin tolerance test. 

If the plasma GH rises above 15 mU/] in the test 
GH deficiency is excluded biochemically. If the peak 
result is <7 mU/I the child has biochemical evidence 
of GH deficiency. If the peak result is between 7 and 
15 mU/I the child may have partial deficiency. All 
children with biochemical evidence of partial or 
complete GH deficiency should be referred to the 
regional growth centre for further assessment. 


The regional growth centre 


The child who presents at the regional growth centre 
may be a primary referral from the local community 
in which case the initial assessment is similar to that 
at the district general hospital described above. There 
are also some children referred by colleagues for 
detailed evaluation before a possible application for 
therapeutic human GH to the Health Services 
Human Growth Hormone Committee. The com- 
mittee normally accepts only anthropometric 
measurements that have been made ata growth centre 
but will also consider earlier measurements if these 
are concordant with those made at the centre. 

The paediatrician in charge of the growth centre 
has the responsibility to provide a professional 
auxology service, to be able to assess bone age 
accurately by the TW2 method, and to carry out 
the more complicated. biochemical tests of GH 
secretion. Which test is most appropriate depends 
partly on the patient and partly on the experience of 
the paediatrician, but the most important factor is 
the age of the patient. If a child below a bone age of 
10 years has a peak serum GH of <7mU/I on 
formal testing and has the typical clinical stigmata of 
GH deficiency or evidence of idiopathic or secondary 
hypopituitarism, no further biochemical test is 
required and the case should be submitted for GH 
treatment when the appropriate auxological measure- 
ments are available. 

If a patient below a bone age of 10 years is re- 
ferred to the growth centre with a peak serum GH 
of less than 15 mU/I in a screening test or a value of 
7 to 15 mU/lin a formal test, a further formal test is 
performed. The test performed at the growth centre 
may be one of the three tests recommended for use 
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in the district general hospital but it will not normally 
be the same as the one initially performed. Other 
tests that may be used are: (1) Insulin tolerance test. 
(2) Insulin tolerance test followed by intravenous 
arginine. 

At the time the formal test of GH secretion is 
performed at the regional growth centre it may be 
convenient to carry out simultaneously a thyroid- 
releasing hormone (TRH) or a luteinising hormone- 
releasing hormone (LH—RH) test.’ 

Patients who achieve a peak serum GH of more 
than 15 mU/l are considered not to be biochemically 
GH deficient and other causes of growth delay 
should be pursued as indicated. For example, some 
children present with impaired growth as the sole 
clinical evidence of coeliac disease and there is a 
rare group of patients who have immunoreactive but 
biologically ineffective GH. The further investigation 
of such difficult problems lies within the remit of the 
director of the growth centre and is one of the reasons 
for the establishment of the centres. 

Patients who are growing subnormally and have a 
peak plasma GH of between 7 and 15 mU/I in two 
formal tests should be considered as suffering from 
partial GH deficiency and are eligible for GH therapy. 
Patients who have a peak serum GH of less than 
7 mU/lin a formal test and have compatible clinical 
and auxological findings are diagnosed as GH 
deficient and submitted for GH therapy. This leaves 
a subgroup who are growing poorly, who havea peak 
serum GH of less than 7 mU/I on formal testing but 
no other clinical signs suggestive of GH deficiency. 
In these cases the paediatrician in charge of the 
growth centre may decide to perform a second formal 
stimulation test. 

When the bone age is at least 10 years and the 
initial screening test produces a plasma GH of less 
than 15 mU/I the child should proceed to a sex 
hormone-primed insulin tolerance formal test at the 
growth centre. For boys various androgen regimens 
have been suggested; a typical one is to give 100 mg 
of mixed testosterone esters intramuscularly 
(Sustanon, Organon Laboratories Limited). The 
formal test in boys is performed 3 to 5 days later. 
Girls are given 100 ug ethinyl oestradiol orally on 
each of 3 days before the test.’ 

If the result of the sex hormone-primed test is a 
peak plasma GH of <7 mUj/l and the patient has 
other clinical or laboratory evidence of hypo- 
pituitarism the diagnosis of GH deficiency is 
established and application for GH therapy should 
be made. If the result is a peak GH of <7 and there 
are no other stigmata of GH deficiency the director 
of the centre may at his discretion perform a second 
sex hormone-primed formal stimulation test. If the 
result of the first sex hormone-primed insulin 


tolerance test gives a peak serum GH of 7 to 15 mU/I 
a second sex hormone-primed formal test is manda- 
tory before the case can be considered one of partial 
GH deficiency. 


Appendix 


Tests for GH, TSH, and gonadotrophin secretion. 
Brief details of screening and formal tests for GH 
thyroid-stimulating hormone (TSH), and gonado- 
trophin secretion are given below. It is advisable to 
check locally with the laboratory the volume of 
blood and preservative required for the hormone 
determinations. 


Post-prandial test, Blood sample for GH to be taken 
3 and 4 hours after the ingestion of glucose (1-4 g/kg) 
or a high carbohydrate-containing meal. In many 
normal children, glucose intake is followed initially 
by low GH levels and then a secondary rise to normal 
values. 5 


Post-exercise test. Blood sample for GH to be taken 
25~30 minutes after strenuous exercise—for example 
cycling on a static bicycle or running up and down 
stairs for 10 minutes. Eighty per cent of healthy 
children have normal GH levels after strenuous 
exercise. Unfortunately some younger children will 
not co-operate for this test.® 


Sleep test. Blood sample for GH to be taken 45- 
90 minutes after the onset of sleep, before the first 
cycle of rapid eye movement sleep. About 70% of 
children have normal GH levels on the sleep tests 
if electroencephalogram control is used.’ 8 


Oral clonidine test. Blood samples for GH to be 
taken at 0, 30, 60, 90, 120, and 150 minutes after oral 
intake of clonidine (0-15 mg/m*). Clonidine may 
cause hypotensive side effects in some patients.’ 


Intravenous arginine test. Blood samples for GH to 
be taken at 0, 30, 60, 90, 120, and 150 minutes after 
the administration of intravenous arginine (0-5 g/kg; 
maximum dose 40 g), which should be infused during 
the first 30 minutes of the test.?° 


Intramuscular glucagon test. Blood samples for GH 
to be taken at 0, 30, 60, 90, 120, and 150 minutes 
after the administration of intramuscular glucagon 
(30-100 g/kg; maximum dose 1 mg). The pituitary- 
adrenal axis may be assessed during the test by 
estimating the plasma cortisol from the 0, 120, and 
150 minute samples. Glucagon causes side effects of 
nausea and vomiting in some patients.“ 


Insulin tolerance test. Blood samples for GH to be 
taken at 0, 20, 30, 45, 60, 90, 120, and 150 minutes 
after the administration of intravenous insulin 
(0-1 U/kg; in patients with suspected or established 
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panhypopituitarism 0-05 U/kg is recommended). 
The test is considered valid only if the blood sugar 
falls to less than half the fasting value or to 2:2mmol/l 
or less. The pituitary-adrenal axis may be assessed 
during the test by estimating the plasma cortisol on 
the 0, 45, and 60 minute samples. The main danger 
of the test is severe hypoglycaemia; it should not 
therefore be performed in patients if a good intra- 
venous line cannot be secured. Glucose and hydro- 
cortisone for intravenous injection should be readily 
available throughout the investigation.” 


Combined intravenous insulin.and arginine test. Blood 
samples for GH to be taken at 0, 20, 30, 45, 60, and 
90 minutes after the administration of intravenous 
insulin (0-1 or 0-05 U/kg see above). Immediately 
on collection of the 90 minute sample, intravenous 
arginine should be given (0-5 g/kg) over 30 minutes 
and samples collected at 30, 45, 60, 90, and 120 
minutes after this injection. 


TRH test. A blood sample for TSH and thyroxine is 
taken at 0 minutes, after which 200 ug TRH (Roche) 
is injected intravenously and further samples are 
taken at 20 and 60 minutes for the measurement of 
TSH concentration. 


LH-—RH test. A blood sample for luteinising hormone 
(LH) and follicle-stimulating hormone (FSH) 
determination is taken at 0 minutes, after which 
100 ug LH-RH (Relefact LH—RH, Hoechst) is in- 
jected intravenously and further samples are taken 
at 20 and 60 minutes for the measurement of LH 
and FSH. The TRH and LH-RH tests may be 
conveniently combined (Relefact LH-~RH/TRH, 
Hoechest). 


References 


1 Tanner J M. Physical growth and development. In: 
Forfar J O, Arneil G C, eds. Textbook of paediatrics, 
second edition. Edinburgh: Churchill Livingstone, 1978: 
276-90. 


2 Tanner J M, Whitehouse R H, Marshall W A, Healy 
M JR, Goldstein H, Assessment of skeletal maturity and 
prediction of adult height (TW2 method). London: 
Academic Press, 1975. 

Preece M A. Growth hormone deficiency. In: Brook 
C G D, ed. Clinical paediatric endocrinology. Oxford: 
Blackwell, 1981: 285-304. 

Hunter W M, Wolfsdorf J, Farquhar J W, Rigal W M. 
Screening tests for growth hormone deficiency in dwarfism. 
Lancet 1967; ii: 1271-3. 
Hofeldt F D, Reed J W, Forsham P H. Growth hormone 
responses following double pulse oral glucose adminis- 
tration in various clinical states. J Clin Endocrinol 
Metab 1975; 40: 387-92. ` 

Lacey K E, Hewison A, Parkin J M. Exercise as a screen- 
ing test for growth hormone deficiency in children. 
Arch Dis Child 1973; 48: 508-12. 

Fass B, Lippe B M, Kaplan S A. Relative usefulness of 
three growth hormone stimulation screening tests. Am J 
Dis Child 1979; 133: 931-3. ; 
Howse P M, Rayner P H W, Williams J W, Nyctohemeral 
secretion of growth hormone in normal children of short 
stature and in children with hypopituitarism and growth 
retardation. Clin Endocrinol 1977; 6: 347-59. 

Health Services Human Growth Hormone Committee. 
Comparison of the intravenous insulin and oral clonidine 
tolerance tests for growth hormone secretion. Arch Dis 
Child 1981; 56: 852-4. 

Raiti S, Davis W T, Blizzard R M. A comparison of the 
effects of insulin hypoglycaemia and arginine infusion on 
the release of human growth hormone. Lancet 1967; ii: 
1182-3. 

Vanderschueren-Lodeweyckx M, Wolter R, Malvaux P, 
Eggermont E, Eeckels R. The glucagon stimulation test: 
effect on plasma growth hormone and on immuno- 
reactive insulin, cortisol, and glucose in children. J 
Pediatr 1974; 85: 182-7. 

Tanner J M, Whitehouse R H, Hughes P C R, Vince F P. 
Effect of human growth hormone treatment for one to 
seven years on the growth of 100 children with growth 
hormone deficiency, low birthweight, inherited smallness, 
Turner’s syndrome, and other complaints. Arch Dis 
Child 1971; 46: 745-82. 


oj 


bs 


en 


o 


af 


o 


1 


© 


1 


- 


i] 


I 


Correspondence to Professor R D G Milner, 
Department of Paediatrics, Children’s Hospital, 
Sheffield S10 2TH. 


Received 1 September 1982 


+ 


Archives of Disease in Childhood, 1982, 57, 948-960 


Short reports 


f 


Comparison of blood glucose test strips in the detection of neonatal 


hypoglycaemia 


B H WILKINS AND D KALRA 
Department of Paediatrics, Guy’s Hospita , London 


SUMMARY Blood glucose levels were estimated in 
101 neonatal blood samples using three glucose test 
strip methods and the results comparec with those 
from a laboratory. BM-test-glycemie 20-800 test 
strips and Reflotest-hypoglycemie test Strips gave a 
rapid and reliable estimate of blood gluzose level in 
the range 0-8 mmol/l (0-140 mg/100 mI . Dextrostix 
test strips tended to overestimate all bbod glucose 
levels. 


It is important to detect hypoglycaemia in neonatal 
practice! ? and for any infant at risk a rapid and 
reliable method for measuring blcod glucose 
concentration is essential. Blood gluco-e test strips 
offer a rapid cotside test. The newer test strips, 
BM-test-glycemie 20-800 and  Reidotest-hypo- 
glycemie, have not been evaluated in tne newborn. 
This study was undertaken to test the reliability of 
these and to compare them with Dextrostix test 
strips, already widely used in neonatal units. 


Patients and methods 


Forty babies were chosen in whom sequential blood 
glucose estimations would normally havz been made. 
On some occasions a 200 ul sample was obtained 
into a heparinised tube from a heelprick. A total of 
101 samples was studied and tests wer performed 
within half an hour of collection. Twenty-five babies 
were in the Special Care Baby Unit ard 15 on the 
routine postnatal wards. The majority were small for 
gestational age. Two were infants of diabetic mothers. 
Twenty were preterm, of which 8 were Elso small for 
gestational age and 6 were twins. Tne range of 
birthweights was 900 to 4500 g. Glucose was 
estimated by the following methods in sequence on 
each sample: (1) Dextrostix (performed on the ward 
and read by eye under fluorescent lightmg). (2) BM- 
test-glycemie 20-800 (performed on tke ward and 
read by eye under fluorescent lighting). 3) Reflotest- 
hypoglycemie. (4) Urgent laboratory glucose 
estimation on the remainder of the sample after 
transfer to a fluoridated bottle. 


Dextrostix (Ames Co.) is a strip containing glucose 
oxidase, peroxidase, and a chromogen in a test pad. 
The colour generated provides a semiquantitative 
result if compared visually with the reference 
colours, interpolating between them as necessary. 
The range is 1 -4—13-9 mmol/l (25-250 mg/100 ml). 

BM-test-glycemie 20-800 (Boehringer Mannheim) 
is a similar strip that uses the same enzymes, but the 
test pad is smaller and has two separate areas 
generating different colours. The range is 1-1-44 
mmol/l (20-800 mg/100 ml). 

Reflotest-hypoglycemie (Boehringer Mannheim) 
is similar to BM-test-glycemie but with a single 
chromogenic area. It gives a quantitative reading if 
used in combination with a Reflomat (Boehringer 
Mannheim), a twin beam reflectance photometer. 
The range is 0-55—8-3 mmol/l (10-150 mg/100 ml). 

In the laboratory, blood glucose concentration was 
measured by either of two methods. The Technicon 
II autoanalyser uses glucose oxidase, peroxidase, and 
chromogen and separates glucose from plasma by 
dialysis. The Yellow Springs Glucose Analyser uses 
glucose oxidase and a peroxide electrode. The two 
methods agree closely on daily quality control 
checks. 

The order in which Dextrostix and BM.-test- 
glycemie were performed was varied at random. 
They were both performed by the same observer 
before the other results were known. 


Results 


The Dextrostix, BM-test-glycemie, and Reflotest 
readings were plotted separately against the 
corresponding laboratory values (Figs 1, 2, and 3). 
It can be seen that Dextrostix tends to overestimate 
the blood glucose level. In five cases in this study 
Dextrostix failed to diagnose a laboratory level of 
less than 1-1 mmol/l (20 mg/100 ml) and in many 
instances it failed to indicate borderline hypo- 
glycaemia. BM-test-glycemie and the Reflotest 
system both give a closer agreement with the 
laboratory value than Dextrostix. In no case did 
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either fail to detect actual or borderline hypo- 
glycaemia. 


Discussion 


We feel that Dextrostix is inaccurate for two principal 
reasons. Firstly, the colour continues to develop 


Reflotest-hypoglycemie {mmal/1) 





1 2 3 4 5 7 8 
Laboratory (mmol/ 1} : 


Conversion SI to traditional units: | mmol/l 18 mg/100 ml. 


Fig.1 Comparison of Reflotest and laboratory 
estimations of blood glucose concentration, Vertical bars 
represent results where the Reflotest reading is less than 
0-55 mmoljl. 


BM-Test-glycemie {mmol/} 








1 7 8 


3 4 5 
Laboratory (mmo/t) 


Fig.2 Comparison of BM-test-glycemie and laboratory 
estimations of blood glucose concentrations. 


Dextrostix {mmol/) 





1 


2 3 i 5 7 8 
Laboratory {mmol/1} 

Fig.3 Comparison of Dextrostix and laboratory 

estimations of blood glucose concentration. 


after the blood is washed off;? the need for two 
simultaneous operations, washing off the blood and 
interpreting the colour, makes this a source of error. 
Secondly, the high haematocrit blood of neonates 
may not wash off easily and may obscure the colour 
reaction. - 

It has been found‘ that if the haematocrit is 
artificially increased in blood from adults there is a 
falsely low Dextrostix and, to a much lesser extent, 
Reflotest reading. If this is also true of the physio- 
logically high haematocrit blood of neonates, it 
would further increase the discrepancy we found 
between Dextrostix and the laboratory. 

The BM-test-glycemie and Reflotest strips have 
several possible advantages. Blood is wiped off 
leaving a clean unobscured colour which is inter- 
preted. after a further minute so that the two 
operations are not simultaneous. The test area is 
small, requiring a small drop of blood. The test area’ 
is divided into two in the case of BM-test-glycemie, 
each turning a different colour, which permits a more 
accurate interpretation. There is little change in the 
colour in the few seconds after the correct reading 
time, so that error due to incorrect timing is less 
likely than with Dextrostix.® 

We suggest that BM-test-glycemie be used 
routinely and, if available, the Reflotest-Reflomat 
system be used to confirm any value found to below. 
For hypoglycaemic neonates, when falsely high 
estimation of blood glucose could lead to treatment 
being withheld, the Boehringer-Mannheim test 
strips provide a reliable and rapid result and may 
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obviate the need to send blood samples to the 
laboratory. 


We thank Dr L Stimmler for permission to study his 
patients and Boehringer Corporation (London) 
Limited for supplying BM-test-glycemie and 
Reflotest strips. 
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Effects of fresh frozen plasma infusions on coagulation screening tests in 


neonates 


C A JOHNSON, M S SNYDER, AND R L WEAVER 


Winston-Salem, North Carolina, USA 


SUMMARY Infusion of fresh frozen plasma to 23 
immature infants with respiratory distress syndrome 
produced full correction of prothrombin time and 
activated partial thromboplastin time in only 7. 
Improvements in coagulation studies failed to 
correlate with gestational age or with the initial 
degree of coagulation abnormality. 


There is currently. no standard approach to the 
management of immature or sick neonates with 
demonstrable coagulation abnormalities, but many 
authorities recommend that such infants be treated 
empirically with fresh frozen plasma (FFP) in the 
hope of preventing excessive damage from potential 
intracranial or intrapulmonary bleeding. However, 
there is no clinical evidence that this approach is 
reliably effective in reversing abnormal coagulation 
data in the neonate. In this study 23 infants with 
immaturity and mild to moderate respiratory distress 
syndrome received FFP in an attemp? to support 
blood pressure. Prothrombin time (PT), activated 
partial thromboplastin time (PTT), quantitative 
platelet count, and levels of fibrinogen were deter- 
mined before and after infusion to determine the 
effect of plasma on coagulation status in these infants. 


Materials and methods 


Babies studied. In our intensive care nursery FFP is 


sometimes used as a volume expander for attempted | 


control of hypotension. We studied the effects of 
FFP infusions on the coagulation parameters in 


infants treated. Altogether 32 infants were studied 
within the first 48 hours of life. Nine infants were 
subsequently omitted from the study either because 
they demonstrated no abnormalities in coagulation 
studies before FFP infusion or .because they had 
evidence of disseminated intravascular coagulation. 
All of the 23 patients remaining in the study survived. 
Gestational ages ranged from 28 to 38 weeks. 
Birthweights ranged from 965 to 4450 g. One infant 
was felt to be large for gestational age; none was 
judged to be small for gestational age. Twenty of the 
23 infants had mild to moderate respiratory distress. 
PT, PIT, platelet count, and fibrinogen levels were 
determined in all infants before FFP infusion, and 
again 15 minutes after completion of plasma infusion. 
All infants received FFP in a volume of 10 ml/kg. 


Laboratory methods. Whole blood, in a volume of 
1-8 ml, was obtained by a 2-syringe technique 
through a 23-gauge scalp vein needle or through an 
indwelling umbilical artery catheter. Blood was 
transferred immediately to a tube containing buffered 
sodium citrate in a ratio of 9 : 1. Plasma was separa- 
ted at 4°C for 15 minutes at 10 000 rev/min. PT and 
PTT were done as previously described The 
concentration of fibrinogen was determined by 
microtechnique as described by Searcy et al? 
Platelet counts were done by phase microscopy. 


Results 


Twenty-three infants with abnormally prolonged PT 
or PTT were treated with FFP in a dose of 10 ml/kg. 
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Table Comparison of infants with coagulation studies correcting and failing to correct after fresh frozen plasma infusion 


Infants correcting (n=7) 


(meant SD) 
Gestational age 33-042-4 
Prothrombin time 14-541-4 
Activated partial thromboplastin 89 -94+-20-6 


time (seconds) 


Infants failing to correct (n= 16) 
(meant SD) 


Analysis of variance 
F probability* 


32-3242-9 0-53 
15-642-4 0-27 
93-1419-2 0-64 





* Significant if <0-05, SD = Standard deviation. 


Activated PTT 


(in seconds ) èe Freinfusion 


A Postinfusion 


Normal range 





Figure Results of activated partial thromboplastin times 
(PTT) in infants pre- and post-fresh frozen plasma 

(10 ml/kg) infusion. ‘Normal range is that expected in term, 
healthy infants. 


No study infant, before FFP, had a platelet count 
lower than 150x10°/l or a fibrinogen level below 
1-5 g/l. Three infants, before FFP, demonstrated a 
PT greater than 18 seconds. In all 3 it returned to 
normal after plasma infusion. All 23 infants had a 
PTT greater than 70 seconds before FFP infusion. 
(In our laboratory the normal range for PTT. is 
30-45 seconds; 70 seconds is considered at the upper 
limit of normal for the term newborn.) In 7 of 23 
infants, complete correction of PTT was achieved 
(Figure). However, 16 infants or 70% of the study 
group, failed to correct PTT to less than 70 seconds. 
Correction of clotting parameters failed to correlate 
with infants’ gestational age, or with the apparent 
severity of initial coagulation deficiency (Table). 


Discussion 


The population studied included infants who were 


preterm (21 of 23) and had mild to moderate 
respiratory distress syndrome (20 of 23). Any infant 
with severe respiratory distress, asphyxia, apnoea, 
suspected disseminated intravascular coagulation, or 
bacterial sepsis was excluded. Prolonged coagulation 
screening tests in the study group would be expected 
to be secondary to deficiencies of the vitamin K 
dependent coagulation factors or to the contact 
factors. Both groups of factors are known to be 
reduced in immature infants and in infants with 
respiratory distress syndrome.*~® We did not 
attempt fully to characterise various types and 
severities of the coagulation disorders nor even to 
study their clinical significance. We simply attempted 
to determine whether this very common intensive 
care nursery population could be easily approached 
by empirical FFP transfusion, thereby obviating the 
need for more detailed coagulation studies of 
individual infants. 

Unfortunately such would not appear to be a 
reasonable approach, as the majority of infants 
failed to show substantial improvement in clotting 
parameters. The current study was not sufficiently 
detailed to explain why certain infants failed to 
correct in response to FFP. Those failing to correct 
may have had particularly severe or multiple defi- 
ciencies, or they may have had increased extra- 
vascular or catabolic loss of infused coagulant 
proteins. ; 

Our data suggest that, as a group, immature 
infants and infants with mild to moderate respiratory 
distress may have coagulation abnormalities that will 
not respond to empirical FFP transfusion: Such 
infants, if bleeding, should ideally have detailed 
coagulation studies before plasma treatment. If 
standard dose FFP is used for correction of detected 
deficiencies, coagulation studies should be 
monitored, since correction is not predictable or 
consistent. Infants failing to correct may warrant a 
more aggressive replacement—such as partial 
plasma exchange. 
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Caseating regional lymphadenitis complicating BCG vaccination: a report 


of 6 cases 


PAUL K H TAM, A B STROEBEL, H SAING, J T K LAU, AND G B ONG 
Department of Surgery and Department ef Microbiology, University of Hong Kong, 


Queen Mary Hospital, Hong Kong 


SUMMARY Six infants had caseatinz regional 
lymphadenitis complicating BCG vaccination. There 
was a delayed onset and a lack of immediate 
vaccination complications. Three infant- had frank 
abscesses. Additional affected nodes undetected 
clinically were found at operation in all cases. All 
lymph nodes contained tubercles, 3 showing acid- 
fast bacilli, 2 of which grew Mycobactzrium bovis. 
Complete excision followed by antituberculous 
chemotherapy produced satisfactory results. 


Although the efficacy of BCG vaccination in 
protection against tuberculosis is still 2 subject of 
much debate,! the procedure has gererally been 
regarded as safe. Complications have been reported 
as uncommon.? Development of regional lym- 
phadenitis has been described. However these 
data were concerned mainly with epidemiology.* 
Detailed information on microbiology, pathology, 
management and its result were lacking. 

We have recently noted an increase :n incidence 
of this form of complication in our hospital—six 
cases in 6 months (June 1981—-November 1981) and 
would therefore like to report our experience. 


Patients 


All 6 infants in this series received BCG vaccination 
during the first week of life. Vaccmation was 
administered by a special nurse, with the French 
vaccine, at a dose of 0-005 mg, intradermally in the 
left arm. Each infant presented with an axillary mass 
on the side of the vaccination, and one Fad a supra- 
clavicular mass in addition. The onset varied from 
3 to 8 months after vaccination, averagirg 6 months 
(Table). Only one infant gave a history o` immediate 
post-vaccination complication consisting of a rash 


over the vaccination site which had subsided after 
a week. 

On examination, all the infants were well and 
active. Only one infant had a low grade fever of 
37-5°C. Three infants had frank axillary abscesses 
which were pointing, while the other 3 infants had 


. solitary axillary masses which were mainly solid but 


with areas of fluctuation clearly demonstrable. 
Management and results 


Excision was performed for all the infants under 
general anaesthesia. Clinically solitary lesions were 
invariably found to be associated with some other 
enlarged nodes deeper down and all these were 
removed. Frank abscesses were not incised but 
rather excised in toto with elliptical incisions. The 
wounds were sutured in 3 infants and left open in 
three. 

On cutting open, all enlarged nodes showed 
caseation at centres. Histopathology of the abscess 
walls and lymph nodes of all 6 infants showed the 
presence of tubercles with caseous necrosis, epithe- 
lioid cells, and Langhans’ giant cells. 

The caseous material obtained either in the frank 
abscess or in the centres of enlarged nodes was 
examined microscopically and cultured for acid- 
fast bacilli. Acid-fast bacilli were demonstrated in 
only 3 of 6 patients. Only 2 of these were culture 
positive and in each Mycobacterium bovis was 
isolated. 

Immunological parameters including total 
lymphocyte counts, T- and B-cell counts, and 
lymphocyte response to phytohaemagglutinin and 
serum immunoglobulin levels were examined 
and found to be normal. IgG antibodies directed 
against the antigen 6 fraction of Mycobacterium 
tuberculosis were increased only in the 3 cases in 
whom frank abscess formation was present. 
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Table Case summary. All patients had BCG yaccination with French vaccine intradermally on left arm at a dose of 
0-005 mg during the first week of life 





Case Sex Age Immediate local Operative findings Pathology AFB microscopy AFB culture 
(months) complication LN Pus 
i F 7 = 14 x 14 caseating LN, Tubercies, — -+ 
1 smaller LN central necrosis, (Few) 
epithelioid cells, 
Langhans’ giant cells, 
dystrophic calcification 
2 M 8 memet i-cm diameter abscess, Granulomas, — — ae 
pointing to skin, central caseation, 
1 caseating LN epithelioid cells 
beneath 
3 M 3 ve i-cm diameter abscess, Caseating granulomas, + -+ -+ 
1 underlying LN Langhans’ giant cells (Both abscess (Mycobacterium 
l-cm diameter wall+ LN) bovis) 
4 M. 5 -+- I-cm diameter axially Numerous caseating -= one “en 
(Rash locally) abscess, -+ 3/4-cm centres, 
. diameter supraclavicular epithelioid cells, 
abscess well-formed Langhans’ 
giant cells 
5 F 6 — { enlarged fluctuant LN, LN destroyed by a~~ — ~ 
other enlarged LNs caseating granulomas, 
deeper down extending to 
fibrofatty tissue and 
dermis 
6 F 4 ~~ Matted LNs, some with Tubercles, central me + 
central necrosis caseous necrosis, (Mycobacterium 
epithelioid cells bavis) 





AFB = acid-fast bacilli. LN = lymph node. 


A course of antituberculous treatment consisting 
of isoniazid 10 mg/kg a day and rifampicin 15 mg/kg 
a day for 6 months, and streptomycin 20 mg/kg a 
day for 2 months was given postoperatively to all the 
patients. All the wounds healed after excision 


whether sutured or not. No recurrence was detected ` 


on follow-up which ranged from 3 to 9 months. 
Discussion 


The risk of caseating regional lymphadenitis 
complicating BCG vaccination has not received 
much attention recently. In situations where 
epidemiological studies are carried out and this 
possibility specifically looked for,” there is little 
difficulty in recognising the condition. However, in 
the more usual circumstances when the attending 
physician is seeing the patients for the first time, such 
a diagnosis may not be obvious. The difficulty is due 
to (1) a delayed onset of symptoms (in this series it 
ranged from 3 to 8 months with an average of 6 
months); (2) the usual absence of immediate 
vaccination complications as illustrated by the 
occurrence of local erythema in only one of the 


6 infants. 


The parents will therefore be unable to relate the 
present symptom of an axillary mass with the long- 
past history of vaccination and will not volunteer 
such information unless specifically asked for. 
Hence when an infant of such an age presents with 


. axillary lymphadenopathy which is not generalised, 


the possibility of BCG vaccination complication 
should be .considered and the history of BCG 
vaccination on the arm of the same side be ascer- 
tained. Examination of early cases will show enlarged 
lymph nodes which are mainly solid but even then 
some areas of fluctuations can generally be demon- 
strated if specifically looked for. Advanced cases 
will show frank abscesses. 

After a clinical diagnosis is made, the treatment 
should consist of complete excision under general 
anaesthesia and not just incision and drainage as it 
may result in a persistent discharging sinus. The 
experience in this series also shows that clinically 
solitary lesions are associated with more enlarged 
lymph nodes deeper down not palpable clinically 
but showing involvement on histology. All accessible 
nodes should therefore be removed. Complete 
excision, even in the presence of frank abscess 
formation, ensures ready healing regardless of 
whether the wound Is sutured. 

Only 3 patients showed an IgG antibody response 
to the antigen 6 fraction of M. tuberculosis. This is in 
contrast to the response seen in patients with infec- 
tions caused by M. tuberculosis* and seems to 
indicate that serological means of diagnosis is 
unsatisfactory in these patients. 

Even though acid-fast bacilli could only be 
demonstrated in half the cases, there should be no 
doubt about the diagnosis if theclinical presentation, 
histological findings, and response to antitubercu- 
lous therapy is taken into consideration. 
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Transient pseudo-precocious puberty by probable oestrogen intake 


in 3 girls 


A M PASQUINO, R BALDUCCI, M L MANCA BITTI, G L SPADONI, AND B BOSCHERINI 


Department of Paediatrics, University of Rome, Italy 


SUMMARY We report the clinical and laboratory 
findings in 3 prepubertal girls with transient signs 
of sexual precocity. Accidental oestrogen intake 
from contaminated food was the most likely cause, 
the luteinising hormone—treleasing hormone test 
showing suppressed secretion of follicle-stimulating 
hormone and luteinising hormone at the time of 
maximal oestrogenisation. 


In prepubertal girls oestrogen intake can cause 
transient signs of pseudo-precocious puberty, par- 
ticularly breast enlargement, with intense pigmenta- 
tion of the mammillary areola and sometimes 
vaginal bleeding. Initially, this condition can be 
difficult to differentiate from true precocious 
puberty or from other forms of pseudo-precocious 
puberty. 

Oestrogen intake can occur in various ways—such 
as by ingestion of accidentally contaminated drugs,' ? 
application of dermal ointments containing oestro-' 
gens,’ inhalation of stilboestrol dust,* or ingestion 
of contaminated meat.® 

Three prepubertal girls had transient pseudo- 
precocious puberty with clear evidence of oestro- 
genisation. The luteinising hormone—releasing 


hormone (LH-RH) test is useful in the diagnosis of 
such patients. 


Case reports 


Case 1. This 7-year-old girl had enlarged breasts 
with hyperpigmentation of the areola and genitalia. 
A month later she had vaginal bleeding lasting 3 
days. Oestrogen ingestion by tablet or its absorption 
by ointments, creams, or powders was excluded. Her 
height (114 cm) and weight (18 kg) were on the 3rd 
centile. Physical examination showed slight breast 
enlargement (Tanner’s 2nd stage) with intense 
pigmentation of the mammillary areola and ano- 
genital region; there was no pubic hair. Bone age 
was slightly retarded: (5-9 years according to 
Greulich and Pyle). X-ray films of theskulland fundus 
oculi were normal. Rectal examination showed no 
adnexal masses or uterine enlargement. Vaginal 
smear showed clear evidence of oestrogenisation. 
Levels of E, were normal for age (<10 pg/ml). 
Serum gonadotrophin levels after LH-RH injection 
(50 ug intravenously) were very low (Table). 

Breast enlargement and areolar pigmentation had 
disappeared 5 months later and vaginal bleeding 
did not recur. Vaginal smear now showed absence of 


Table Serum gonadotrophin levels after LH-RH injection (50 ug intravenously) 


At peak oestrogenisation 


After complete oestrogenisation regression 





FSH QnlU/ml) LH (mIUjmi) FSH (mlU}mt) LH (mIU][ mil) 
Case Basal Maximum Basal Maximum Basal Maximum Basal Maximum 
I 1-8 2°9 1-8 1-9 2°4 19 2°5 9.3 
2 «1-5 <1-5 <1-5 <1.5 19 $1 1-5 7.5 
3 | 3 1-5 7-5 =_= on — — 
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oestrogenisation. Serum gonadotrophin levels after 
LH-RH returned to normal values for age (Table). 
At follow-up, 2 years later, the girl showed no sign 
of sexual precocity. 


Case 2. At age 9 months, this girl had vaginal 
bleeding lasting 2 days. Three weeks later she again 
had vaginal bleeding. There was slight breast en- 
largement (Tanner’s 2nd stage) and hyperpigmenta- 
tion of the areola and anogenital region; there was 
no pubic hair. Height (86cm) and weight (11 kg) 
were on the 50th centile. Reportedly, there was no 
history of oestrogen intake. Bone age was appropriate 
for chronological age. X-ray films of the skull and 
fundus oculi were normal. Rectal examination and 
vaginal endoscopy were normal. Vaginal smear 
showed evidence of oestrogenisation. Levels of E, 
were normal for age. Serum gonadotrophin levels 
after LH-RH injection (50 ug intravenously) were 
very low (Table). 

Three months later, breast enlargement had dis- 
appeared, and pigmentation ofthe areola and genitalia 
was diminished; vaginal bleeding did not recur. 
Vaginal smear now showed absence of oestrogenisa- 
tion. Serum gonadotrophin levels after LH-RH 
returned to normal (Table). Two years later, all 
signs of sexual precocity had disappeared. 


Case 3. This 17-month-old girl had vaginal bleeding 
lasting 3 days, and recurring 20 days later. She 
showed slight breast enlargement (Tanner’s 2nd 
stage), with marked pigmentation of the mammillary 
areola; there was no pubic hair. Height (78 cm) 
was on the 25thcentile; weight (9-6kg) was onthe 10th 
centile. Reportedly, there was no history of oestrogen 
intake. Bone age was appropriate for chronological 
age. X-ray films of the skull, fundus oculi, brain 
computerised tomography scans, rectal examination, 
and vaginal endoscopy were normal. Vaginal smear 
showed pronounced oestrogenisation. Levels of 
E, were normal for age. Serum gonadotrophin levels 
after LH-RH injection (50 ug intravenously) were 
very low (Table). 

Four months later, the breast enlargement and 
areolar pigmentation had regressed; vaginal bleeding 
did not recur. It was not possible to give an LH-RH 
test or take a control vaginal smear. 


Discussion 


‘In these patients, the presence of breast enlargement, 


vaginal bleeding, and marked oestrogenisation on 
the vaginal epithelium might have suggested a 
possible initial stage of true precocious puberty, but 
this could be excluded because in none was there a 
sudden increase in stature or bone maturation, and 
in none was there gonadotrophin increase. 


Premature thelarche could be excluded because 
such patients have normal pigmentation of the 
mammillary areola, no vaginal bleeding, absent or 
weak oestrogenisation on the vaginal smear, and 
normal values of LH and follicle-stimulating hor- 
mone (FSH) (or only an increase in FSH). 

Clinical signs and some of the laboratory findings 
showed there was the possibility of an autonomous 
oestrogen-secreting benign ovarian follicular cyst, an 
oestrogen-producing ovarian tumour, or a femin- 
ising adrenal tumour: however, normal recto- 
abdominal bimanual examination, the presence of 
normal Es levels, and the fact that the clinical and 
laboratory findings returned to normal within a few 
months excluded any of these. 

In premature menarche,® vaginal bleedings are 
cyclic, breast enlargement is absent, and gonado- 
trophin secretion is normal. _ 

Our patients had strikingly similar features— 
namely, transient clinical and laboratory evidence of 
sexual precocity with spontaneous return to normal 
within a few months, intense pigmentation of the 
mammillary areola, and only episodic vaginal 
bleeding. All such features have been found in cases 
of documented oestrogen intake. 1—4 

Since in our patients information from the parents 
excluded oestrogen intake through dermatological 
preparations or contaminated drugs, the most likely 
explanation was that of ingestion of contaminated 
food: this seems particularly common in Italy, 
probably because of the widespread consumption of 
meat from very young animals which have been fed 
with oestrogens in order to accelerate growth.’ 7 

This interpretation was also strongly supported 
by the very peculiar response of gonadotrophins to 
LH-RH (Table): in each child, at the time that 
clinical and laboratory evidence showed oestrogeni- 
sation, serum gonadotrophin levels were very low 
and remained so after LH-RH injection; in Cases 1 
and 2 gonadotrophin levels returned to normal 
values for age after signs of oestrogenisation had 
disappeared. 

In prepubertal girls, the only two conditions in 
which gonadotrophin suppression is found in 
association with signs of isosexual precocity are that 
of oestrogen intake and oestrogen-producing tu- 
mours or cysts. Only the former possibility needed 
to be considered as in our patients the clinical and 
laboratory findings spontaneously returned to 
normal. . 

It seems likely that transient signs of pseudo- 
precocious puberty together with clinical and labora- 
tory findings as present in our patients are caused by 
oestrogen intake, even if this is not fully documented. 
The transient suppression of gonadotrophin secre- 
tion, as shown in the LH-RH test, together with 
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_ vaginal smear, at the beginning and at the end of the 
clinical course, appears to be particularly helpful in 
the diagnosis. 
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SUMMARY Six obese adolescents (4 girls, 2 boys) 
with radiolucent gallstones were treated with bile 
acids (chenodeoxycholic or ursodeoxycholic acid). 
Each had lithogenic bile and no predisposing factors 
for pigment stone formation. Within 12 months, the 
bile became unsaturated with cholesterol and the 
gallstones had disappeared in 4 cases and were 
decreased in size in two. 


Cholesterol gallstones are rare in childhood even 
in such populations as the Pima Indians who have a 
high prevalence of the disease! Nevertheless, 
obesity predisposes to early appearance.” 

In obese adults cholesterol gallstones exhibit a 
poor response to treatment with bile acids, since 
secretion of lithogenic bile persists even if high doses 
of chenodeoxycholic acid (CDCA) are administered.* 

Six adolescents under age 14 years have been 
referred to our outpatient clinic for treatment of 


Tablei Clinical data and effect of treatment 


Case Age Sex Ideal weight Drug Stones 
(years) (%) 
Number 
1 12 F 144 CDCA. Single 
2 12 M 139 CDCA Multiple 
3 13 F 153 CDCA Multiple 
4 14 F 145 UDCA Single 
5 1} F 136 UDCA Multiple 
6 14 M 130 UDCA Single 


CDCA =chenodeoxycholic acid, UDCA =ursodeoxycholic acid. 
*Size, diameter of largest stone. 


symptomatic radiolucent gallstones during the last 
3 years. Each was obese and had bile supersaturated 
with cholesterol. ; 

Treatment with bile acids, CDCA, or urso- 
deoxycholic acid (UDCA) was successful, and the 
bile, initially lithogenic, became unsaturated with 
cholesterol, and gallstones disappeared or decreased 
in size between 6 and 12 months later. 


Patients, methods, results 


The clinical data for the patients are shown in 
Table 1. In each case, gallstones were suspected on 
the basis of at least one episode of biliary colic and 
were diagnosed by cholecystography. Stone radio- 
lucency was confirmed by plain x-ray films of the 
abdomen. Liver function tests, plasma cholesterol! 
levels, and triglycerides were normal. Erythrocyte 
defects leading to increased haemolysis could be 
excluded by indices of erythrocytes, reticulocyte 


Response (dissolution) Saturation index 


Size* (mm) 6 months 12 months Before After 

10 Partial Complete 1-55 0-93 
8 Complete — 1-28 0:65 
5 Complete — 1-31 0-85 

12 Partial Partial 1-47 0-82 
5 Complete — 1-20 0:71 
9 Partial — 1-25 0-60 


as 
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count, haemoglobin electrophoresis, and osmotic 
fragility. 

The cholesterol saturation index was calculated 
according to Carey‘ on bile-rich duodenal aspirates. 
Gallbladder contraction was induced by intra- 
muscular injection of caerulein (0-3 ug/kg Ceruletide, 
Farmitalia, Milan, Italy). In each case the bile was 
supersaturated with cholesterol (Table 1). Cases 1-3 
were treated with CDCA, and Cases 4-6 with UCDA 
after it had become commercially available; it was 
chosen because it is generally better tolerated than 
CDCA. Each bile acid was administered at a dose of 
about 15 mg/kg a day, at meals. Although all 
patients were advised to follow calorie-restricted 
diets, none substantially lost weight. The saturation 
index was again measured 6-8 weeks after starting 
treatment: the bile had become unsaturated in all 
cases (Table 1). The percentage of biliary bile acids 
was determined by gas-liquid chromatography before 
and during treatment (Table 2). 

Both CDCA and UDCA became predominant in 
bile, whereas lithocholic acid did not show. any 
major change during either treatment. 

In order to assess the response in terms of stone 
dissolution, cholecystograms were repeated at 6- 
monthly intervals. Four patients showed complete 
dissolution; this was achieved by 3 patients at 6 
months, and by the fourth at 12 months (Table 1). 
Disappearance of stones was confirmed by ultra- 
sonography and treatment was stopped 3 months 
later. The remaining two (Cases 4 and 6, Table 1) 
showed partial dissolution. Each had a single 
stone the diameter of which decreased from 12 to 7 
mm and from 9 to 4 mm after 6 months. In Case4, a 
further reduction in size to 3 mm was noted at 
12 months. These 2 patients are still undergoing 
treatment. 

UDCA was well tolerated, but diarrhoea and 
abdominal discomfort were experienced by 2 of the 3 
patients who were given CDCA. Such symptoms 


Table 2 Biliary bile acid composition before and 
after treatment 





Case CA CDCA DCA LCA UDCA 
f Before 53.3. 39 15-4 0-8 0-5 
After 6-4 85-7 .- 3-5 1-4 3 
2 Before 27 39 30-1 3-2 0-7 
After 3 90 2-8 3-7 0-5 
3 Before 35 27 35-6 1+4 1-0 
After 4-§ 89-5 2-6 2 1-4 
4 Before 38-6 42-4 15-7 2:7 0-6 
After 8-2 21-1 51 2-6 63 
5 Before 31.8 35-1 27-8 4-1 1:2 
After 10.2 19-2 10°6 4.2 55-8 
6 ` Before 35-5 28-5 32-8 3 0-2 
After 8-6 20-1 7-8 3.5 60 


CA=cholic acid, CDCA =chenodeoxycholic acid, DCA =deoxycholic 
acid, LCA=lithocholic acid, UDCA =ursodeoxycholic acid. 


were worse during the first weeks of treatment. 
Hypertransaminasaemia was noted in Case 2 after 6 
weeks, but later the transaminase values were 
normal. 


Discussion 


Treatment with bile acids is an alternative to surgery 
for cholesterol stones alone, and these are radiolucent 
on x-ray films. In adults about 15% of radiolucent 
stones are pigment stones but in adolescents pigment 
stones are more common than cholesterol stones.” 
However secretion of lithogenic bile and the absence 
in the adolescent of any of the factors predisposing to 
pigment stone formation! are additional criteria for 
medical treatment of gallstones in adolescents. 

The positive response to bile acid administration 
shows that the gallstones in our patients were of 
cholesterol, thus confirming that in childhood, as 
well as in adulthood, obesity is a major risk factor for 
early development of cholesterol lithiasis, as was 
suggested by Honoré” on the basis of studies on 
adolescent girls. We have studied only a few such 
cases, but our high success rate should be applicable 
to this population as a whole. 

The changes in the composition of biliary bile acids 
were similar to those observed in adults during 
treatment with equal doses of CDCA or UCDA,$ and 
bile became consistently unsaturated with cholesterol 
regardless of which bile acid was administered. This 
differs from the findings in obese adults treated with 
CDCA.? It is therefore likely that in obese adolescents 
cholesterol synthesis or secretion is more sensitive to 
inhibition by bile acid administration than in obese 
adults treated with CDCA. 

No information is available about the rate of 
recurrence after stone dissolution in adolescents and 
long-term safety of bile acid administration has not 
been firmly established. There is evidence that links 
colorectal cancer with exposure to dihydroxy-bile 
acids,’ but this relationship has not been demon- 
strated after administration to humans; however 
cholecystectomy is associated with a higher 
prevalence of colon cancer. 

We conclude that treatment with bile acids should 
be considered for obese adolescents with radiolucent 
gallstones and that UDCA is to be preferred to 
CDCA because of its better tolerance. 
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SUMMARY By analysing leucocyte sutpopulations 
with monoclonal antisera, we have shcwn that the 
diagnosis of severe combined immunodeficiency can 
be made soon after birth. The technique of staining 
has been adapted for small blood semples, and 
normal ranges of leucocyte subpopuHtions have 
been established for fetal blood taker from mid- 
trimester pregnancies. Using this information, we 
gave prenatal advice to an at risk family and 
predicted that the pregnancy would be aormal; this 
was confirmed after birth. This technique should 
allow prenatal diagnosis for severe combined 
immunodeficiency, especially if the phenotype of a 
previously affected child is known. 


Severe combined immunodeficiency GCID) is a 
heterogeneous syndrome inherited either as an 
X-linked or an autosomal recessive disorder. Affected 
children lack -both cell-mediated amd humoral 
immunity; they present with repeated viral, bacterial, 
or fungal infections, have protracted diarrhoea, and 
failure to thrive. Unless treated by bone marrow 
transplants the children generally die within the 
first year of life. 

Most patients have an absolute ceficiency of 
T-cell numbers with numbers of B-cells being absent, 
very low, or very high. Within famil&s a similar 
pattern of T- and B-cell numbers is observed in 
affected individuals (personal experiznce of six 
families with more than one affected child). In 20% 
of the autosomal recessive type, ths disease is 
caused by a deficiency of adenosine deeminase, and 
in such families prenatal diagnosis cemonstrates 
lack of the enzyme in amniotic cel.s.2 Prenatal 
diagnosis is not yet available for the remaining cases. 
However, the development of monocloral antibodies 
which distinguish leucocyte populations, and in 
particular T-cell subsets, has enabled normal ranges 


to be established in healthy children and adults 
(unpublished). Similarly, the diagnosis of various 
forms of immunodeficiency can be made by analysing 
lymphocyte phenotypes. We have recently developed 
a method for analysing the phenotype of leucocytes 
from very small samples of blood using monoclonal 
antibodies and a fluorescent activated cell sorter. 
Using this technique, normal ranges for leucocyte 
populations have been established in the second 
trimester of. pregnancy on fetal blood samples 
(100-500 ul) obtained at fetoscopy for diagnosis of 
thalassaemia and haemophilia.* It is therefore 
possible, if one knows the phenotype of a previously 
affected sibling, to offer prenatal advice to an at risk 
family during a second pregnancy. 


Methods 


Staining mononuclear cells. Venous blood specimens 
were obtained from 2 children with SCID in the first 
2 days of life, and from 5 others below the age of 
6 months. Mononuclear cells were obtained by 
Ficoll-Triosil centrifugation and after washing were 
stained with monoclonal mouse antisera (aliquots of 
cells at 2 x 10°/ml) to human leucocyte subpopula- 
tions. The following antisera were used: (1) UCHT1 
which recognises all mature T-cells.4 (2) Leu 3a which 
recognises helper/inducer T-cells.* (3) Leu 2a which 
recognises suppressor/cytotoxic T-cells.” (4) DA2 
which recognises a non-polymorphic determinant of 
HLA Dr antigen.® (5) OKM1 which recognises cells 
of the monocytic series, some granulocytes, and cells 
with natural killer activity.” (6) Anti Hle-1 which 
reacts with all peripheral blood leucocytes.4 

B-cells were recognised by staining surface im- 
munoglobulin-bearing cells with fluorescent-labelled 
rabbit or sheep antihuman immunoglobulin 
(Wellcome Laboratories). 


The cells stained with monoclonal antisera were 
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washed three times and then with a second layer of 
fluorescent-labelled sheep antimouse immuno- 
globulin. After extensive washing, the percentages of 
cells stained with fluorescent-labelled antibodies 
were enumerated in a fluorescent-activated cell 
sorter. 


Whole blood modification for fetal samples. Because 
less than 500 ul blood could be obtained from the 
mid-trimester fetus at fetoscopy, it was not possible 
to fractionate mononuclear cells by Ficoll-Triosil 
centrifugation. A leucocyte-rich fraction was 
obtained by allowing red cells to sediment with 
hydroxyethyl starch for 20 minutes (equal volumes 
added to heparinised blood sample). The nucleated 
cells remained in the supernatant and these were 
washed in the wells of a microtitre plate. The cells 
were Stained at a concentration of 2-5-5 x 104 nu- 
cleated cells/ml ina similar manner to that described 
above. Just before analysis in the fluorescent- 
activated cell sorter, the residual red cells were lysed 
using dilute Zapoglobin (Coulter Electronics Ltd) 
(2 drops in 10 mi Isoton buffer, 150 ul of this to 
200 ul cell suspension). Fetal blood samples were 
obtained at fetoscopy for diagnosis of thalassaemia 
and haemophilia and a normal range of leucocyte 
populations between 14 and 20 weeks’ gestation was 
derived. 


Case history 


A boy (Case 7), the first child of unrelated parents 
presented at 6 months with a prolonged chest 


infection resistant to conventional antibiotics. Lung’ 
biopsy revealed the diagnosis of Pneumocystis 
carinii infection and he recovered after treatment 
with high dose co-trimoxazole and pentamidine. 
The clinical impression of SCID was confirmed by 
very low T-cell percentages (3% enumerated by 
sheep red blood cell rosette formation), very high 
B-cell percentages (29 %), failure of his mononuclear 
cells to proliferate in response to lectins—such as 
phytohaemagglutinin and conconavlin A—absent 
mixed lymphocyte response, and virtually absent 
serum IgG, IgA, and IgM. Surprisingly, he remained 
well for the next year on weekly immunoglobulin 
injections, but thereafter he developed lung infections 
due to Pseudomonas aeruginosa infection and died 
shortly after his second birthday. For the second 
pregnancy, fetal blood was obtained at 18 weeks’ 
gestation and analysed as described. 


Results 


The phenotype of the lymphocyte populations of 
the 7 children with SCID is shown in Table 1 and 
compared with the normal ranges for children of this 
age established in our laboratory. The pattern of T- 
and B-cell antigen expression is heterogeneous, but is 
constant if tested repeatedly for each child. Further- 
more, within families, if one child has SCID with 
high B-cell numbers, further affected children show 
the same pattern (personal experience).’ 

In Table 2 the results of leucocyte subpopulations 
found in normal fetal blood (range of 11 samples 


Table 1 Phenotype of the lymphocyte populations of 7 children with severe combined immunodeficiency 





Cases UCHT! Leu 3a Leu 2a Sig DA2 OKMI 
(all T-cells) (helper T-cells) (suppressor/cytotoxic (B-cells) (HLA Dr) (monocytes) 
T-cells) 
i n 6 2 2 2 32 31 
2 7 0 3 68 88 2i 
3 4 I i 1 4l 36 
4 0 0 0 0 29 32 
5 1 0 0 0 21 26 
6 1 l 0 76 27 22 
7 10 0 7 29 54 30 
Control range 53-77 40-52 19-28 8-18 5-17 18-32 
Results expressed as a percentage of mononuclear cells isolated by Ficoll-Hypaque centrifugation. 
Table 2 Results of leucocyte subpopulations in normal fetal blood 
UCHTI Leu 3a Leu 2a Sig4 DA2 
{all T-cells) (helper T-cells) (suppressor jcytotoxie) (B-cells) (HLA Dr) 
T-cells) 
*Fetus at 18 weeks 57 40 18 7 5 
tAffected brother with SCID 10 0 7 29 54 
*Baby retested after birth 38 35 10 4 20 
Control range of 11-+-fetal blood 33-51 21-44 6-18 4-34 6-37 


samples gestation 14-20 weeks 


*Expressed as percentage of whole blood leucocytes (HLe-1 positive cells); texpressed as percentage of mononuclear cells only. 
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taken at gestations from 14 to 20 weeks) is shown. 
The results are those of whole blood analysis 
(expressed as a % of Hle- positive cells) in com- 
parison with the higher values obtained for mono- 
nuclear cell preparations. The results of the 18-week 
fetal blood sample from the at risk pregnancy is 
shown to be normal. The prégnancy was continued, 
and on testing at birth the baby was confirmed to be 
normal by repeated lymphocyte phenotype analysis 
and by normal lymphocyte response in mixed 
lymphocyte culture and to phytohaemagglutinin. 
The child is well aged 16 months. 


Discussion 


We have shown that SCID can be diagnosed soon 
after birth by phenotype analysis of lymphocyte 
populations using monoclonal antisera. Similarly, 
using thése antisera and the fluorescent-activated cell 
sorter we have developed a technique of staining 
small numbers of cells, thereby being abl2 to provide 
a leucocyte profile on very small blood samples. 
We have established a normal range of these 
leucocyte subpopulations for fetal blood from 
14 to 20 weeks’ gestation and have used this informa- 
tion to provide prenatal advice for a family at risk of 
having further children affected with SCID. In this 
case the fetal blood analysis was normal and this was 
confirmed by the birth of a normal child. As yet we 
have not made a prenatal diagnosis of SCID and 
recommended that the pregnancy be terminated, but 
recently this diagnosis was established in France; 
although by using only two monoclonal markers.® 
Our technique allows a greater range of antibodies 
to be used for a similar sized blood sample and should 
increase confidence in making such a diagnosis, 
especially if the phenotype of a previously affected 
sibling is known. 

Monoclonal antibodies to leucocyte sub- 
populations now provide the means of offering 
prenatal diagnosis for SCID in cases other than 
those due to adenosine deaminase deficiency. The 
risks of an abortion occurring after fetal blood 
sampling are <3% and most families would find 
that acceptable. The only variety not amenable to 
diagnosis is if the child has normal percentages of 
T- and B-cells but the cells do not function properly. 
Fortunately, this is the rarest variety of SCID. 


Addendum 


Since this report was accepted we have screened a 
second at risk fetus at 19 weeks’ gestation. The male 
fetus was shown to have SCID with high B-cell 
numbers (same pattern as affected first child) and was 
aborted. The diagnosis was confirmed by the absence 
of lymphocyte response to phytohaemagglutinin and 
at necropsy of the fetus by an absence of the T-cell 
areas in the thymus and spleen. 


DC Lisa Wellcome Research Fellow. 
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Congenital dislocation of the hip and 
short maternal stature 


Sir, 
We were interested to read the paper by Amitai et al. 
reporting an association between congenital dislocation 
of the hip (CDH) and short maternal stature, based on a 
study of 33 consecutive cases and 54 controls (P<0-01). 
We have been interested in the aetiology of CDH for 
many years and have just completed a study of 455 
infants with CDH born in the care of the university 
service in Bristol, so it was easy to scan our records to 
find out if our data supportéd this new observation. 
Among the 455 infants with CDH born between 1970 
and 1979 all but 10 cases were diagnosed in the neonatal 
period. Maternal height was available in 330 cases. We 
took as our controls randomly selected mothers of babies 
born in our hospital during the same period who did not 
have CDH. The maternal height of the two groups was 
then compared, first in 5-cm subgroups and then as in 
the Figure below; there was clearly no statistical differ- 
ence between the two groups. We conclude that whatever 
may be the case in Israel, in Britain short maternal 
stature does not appear to be associated with CDH. 


We thank the Van Neste Foundation for support. 
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Figure Distribution of maternal height in association with 
330 infants with congenital dislocation of the hip and con- 
trols, born in Bristol, 1970-79. 
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Necrotising enterocolitis in the very 


low birthweight infant 

Sir, 

Drayton et al. were so anxious to criticise our paper? that 
they did not read it properly. All the ‘missing’ figures 
concerning the incidence of necrotising enterocolitis 
(NEC) in preterm infants with birthweight above 1500 g 
were given in the results section.’ l 

Regarding the age of onset of NEC and the duration of 
parenteral feeding recommended by us, in Wilson's 
series* of 148 cases of NEC, 86 of whom were VLBW 
infants, the median age at onset was 7 days. Average age 
at onset in Kliegman’s® 123 NEC patients (70% VLBW 
infants) was 12 days. It is true that the age at onset of 
NEC has an inverse relationship to the gestational age. 
This is the reason for our recommendation of at least a 
3-weeks period of parenteral nutrition in infants weighing 
1000 g and below at birth. If our colleagues from the 
Southmead Health District wish to carry on with 
parenteral nutrition beyond this period, all we do can is 
congratulate them. 

Drayton et al. are concerned about biochemical and 
technical difficulties. During the last 3 years we have not 
noted any serious adverse effect which could be attributed 
to parenteral nutrition (nearly 300 infants), and we feel we 
have avoided many cases of NEC. We think this achieve- 
ment is much more important than a possible theoretical 
gain—such as induction of gut hormone production by 
enteral feeding. 
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Systemic candidiasis 


Sir, 

Systemic candidiasis occurs particularly at the extremes 
of life and in the immuno-compromised host. Un- 
fortunately the drugs currently available often have side 
effects that limit their use and most must be administered 
by the intravenous route necessitating admission to 
hospital. Ketoconazole is an imidazole derivative with a 
wide spectrum of action against pathogenic fungi. It is 
effective if taken orally in the treatment of chronic 
mucocutaneous candidiasis. We have recen ly used oral 
ketoconazole in the treatment of systemic candidiasis in 
a neonate. 

After premature onset of labour a 65G@g boy was 
delivered by caesarean section at 28 weeks’ gestation. 
He developed hyaline membrane disease end required 
intermittent positive pressure ventilation from birth 
until day 11. Gn day 21 he developed symptoms and 
signs of necrotising enterocolitis. Oral feeds were stopped 
and a 10-day course of antibiotics (ampicil in, metroni- 
dazole, gentamicin) was given. No orgenisms were 
isolated on any cultures. Normal feeds were reintroduced 
without any problem 2 weeks later. Progress was then 
satisfactory until his 64th day when hs condition 
deteriorated. After a septic screen, he was started on 
ceftazidime (100 mg/kg a day). Two days later a left 
inguinal hernia was found which requred surgical 
reduction after which his condition remaired poor, his 
abdomen becoming distended with ascitic fuid. Culture 
of the ascitic fluid and his 64th day blood culture grew 
Candida albicans, sensitive to amphotericin E flucytosine, 
miconazole, and ketoconazole. He was started on oral 
ketoconazole, 3-5 mg once daily, equivalen: to an adult 
dose of 200 mg daily, because of his deter:orating con- 
dition and positive cultures. On this regimem there was a 
gradual improvement in his condition. Trere were no 
local or systemic side effects during treatmert. Treatment 
was continued for a total of 10 weeks. Cultures once 
treatment was stopped were sterile. On daz 119 he was 
discharged home weighing 2-52 kg. He is now 6 months 
old and his progress has been satisfactory. 

Studies indicate that ketoconazole is a sefe drug with 
low toxicity. Reversible liver toxicity, manifested by 
mild acute hepatitis, has been reported. We did not 
experience this problem in our patient. Alternative forms 
of treatment of systemic candidiasis have a greater 
incidence of toxic side effects and must be given by the 
intravenous route. The use of amphotericir B is limited 


` 


by its nephrotoxicity and flucytosine may cause bone 
marrow depression. Miconazole has been reported to 
cause superficial thrombophlebitis at the site of intra- 
venous administration and ventricular tachycardia.’ 
Rarer cases of cardiorespiratory arrest have also been 
documented with its use.* 

The response of our patient to ketoconazole indicates 
that it is an effective agent in the treatment of systemic 
candidiasis. It has the advantage of being well absorbed 
when given orally. Thus one is not faced with the problem 
of long-term intravenous therapy, a feature of particular 
importance in the neonate. 
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Electronmicroscopy in ‘absence’ of 
islets of Langerhans in a newborn 
infant 


Sir, 
In a previous report! we described the case history and 
histology at necropsy of a boy with congenital diabetes 
mellitus who died on the third day of life. His brother 
had died 8 years previously after a remarkably similar 
neonatal illness, but with no diagnosis established. Our 
patient weighed only 2-13 kg at term, was obviously 
wasted, and developed respiratory distress, although the 
chest x-ray film was normal. Blood gas analysis indicated 
a mild metabolic acidosis which increased during the 
next 24 hours despite administration of sodium bi- 
carbonate. The urine contained large amounts of glucose 
and acetone, and the blood sugar at 36 hours was > 22 
mmol/l. Despite intravenous fluids and insulin, he died 
suddenly from pulmonary haemorrhage at age 40 hours. 
Studies at necropsy showed that the pancreas was 
externally normal but no recognisable islets of Langerhans 
could be found. There were a few lymphoid aggregates 
and occasional granular cells which might have, 
been of endocrine origin, but these gave a negative 
staining reaction for æ- and B-cells. Small amounts of 
insulin (54 IU/g) could be measured in the pancreatic 
tissue, and were probably derived from the insulin given 


. before death (the concentration in the pancreas of 2 


‘control’ infants exceeded 2000 JU/g in each case). 
Immunocytochemistry and electron microscopical ex- 
amination, prompted by comments after the publication 
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cells. (c) A cell and probable pp cell. (d) Typical B cell with B- (insulin) granules in the dark cell. Granules of light cell 


may also be insulin but are not clearly identifiable. 
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of the report, have now added new informat on to this 
previously undescribed condition. 

Immunocytochemistry using either paraffin sections or 
cryostat sections of formalin-fixed tissue, end highly 
specific antibodies to insulin (dilution 1:9000., glucagon 
(dilution 1:5000), somatostatin (dilution 1: 000), and 
vasoactive intestinal polypeptide (dilution 1:1030) showed 
only very few, weakly stained somatostatin cells. 
Electron microscopical examination of pancrzatic tissue 
which had been taken almost agonally and immediately 
fixed in 2.5% glutaraldehyde in 0-1 mol/l phosphate 
buffer at 4°C confirmed that autolysis at nesropsy was 
minimal. The exocrine, acinar cells appeared normal. 
Rare, often solitary endocrine cells could be identified by 
their typical granule structures. Most of them were the 
D-(somatostatin) cells (Figure (a) and «-(glucagon) cells 
(b and c), although occasional pp cells (d) and cells with 
an unidentified polypeptide hormone (labelled d in 
a) could also be seen. Only very rarely wes a B-cell 
with insulin granules (Figure d) observed None of 
these cells was associated, as in a normél pancreas, 
with large groups of ‘islets’. Thus, all 4 wel-recognised 
endocrine cell types were identified, although h extremely 
reduced numbers. 


We have been unable to trace any previeus or sub- 
sequent descriptions of similar infants witk congenital 
absence of pancreatic #-cells. 
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Plasma prostacyclin from birtk 
to adolescence 


Sir, 

The finding that plasma concentrations of 6-keto- 
prostaglandin F,, (6-keto-PGF,,), one of several 
-= degradation products of prostacyclin (PGL), fall from 
a high value at birth to a lower, steady range in the first 
week is of interest.1 Urinary excretion of 6-keto-PGF,, 
shows a similar pattern? and fetal plasma ccncentrations 
are markedly raised at mid-trimester decliaing towards 
term.’ However, it is presumptive to assume that these 
findings reflect physiological changes in plasma PGI, in 
the fetus and newborn. Firstly there is mo universal 
agreement that PGI, acts as a circulating hormone.* * 
Furthermore, neonatal plasma demonstratesa diminished 
ability to support the generation of PGI-like activity 


from endothelium in vitro, and there is an argument 
that the normal bleeding time of the neonate is the 
result of a balanced reduction of platelet pro-aggregatory 
and endothelial anti-aggregatory (possible PGI,) effect. 
In the fetus or newborn it is unacceptable to infer from 
the observations on 6-keto-PGF,,, concentration that 
plasma PGI, levels or vascular PGI, effects are greater 
than at other ages without knowledge of the distribution, 
catabolism, and excretion of the measured metabolite. 
Unfortunately this information is lacking and a more 
cautious interpretation, such as that offered by other 
investigators,” is appropriate. 
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Dr Kääpa and co-workers comment: 


We thank Dr Taylor and Dr Lote for their interest In 
our work.! We agree that since submitting our paper it 
has been increasingly evident that the concentration of 
prostacyclin (PGI,) in the circulation is lower than is 
needed to affect platelet aggregation in vitre."~* Thus the 
concentration of 6-keto-prostaglandin F,, (6-keto- 
PGF, ,), the main degradation product of PGI, in human 
plasma,® does not necessarily reflect the changes of PGI, 
in the circulation. Nevertheless, plasma and urinary 
6-keto-PGF,, could well reflect the physiologically | 
important production of PGI, in the body. 
We believe that our main finding on the increased 

PGI, production during the neonate period is valid. 

The fact that the urinary excretion of 6-keto-PGF,,, as 
measured by radioimmunoassay’ and gas chromato- 
graphy-mass spectrometry,® is increased during the first 

days of life strongly supports our view and clearly shows 

that the increased plasma 6-keto-PGF, ? is not a result 


of altered metabolism, for example, decreased excretion 


of 6-keto-PGF,,. 
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Ethical problems 


1980 was designated the ‘International 
year of the child’ and 1981 the ‘Inter- 
national year of disabled people’. Dis- 
abled children have therefore been the 
focus of much thought and constructive 
effert which, if the purpose of the inter- 
national years has been properly com- 
preñended, will continue. Yet an awkward 
ambivalence of attitude towards handi- 
capped children persists, possibly more 
so within the medical profession than 
elsewhere. On the one hand we strive to 
provide better services for them and 


- better support for their families; we set up 


handicap teams, day centres, fostering 


ffect of which may be smaller than we 


Nieto and support groups, the net 


ae 


tare to admit. On the other hand we 
pursue policies aimed at the elimination 
of handicapped children, overtly by pro- 
grammes of prenatal diagnosis and abor- 
tion, covertly (still?) by accelerating 
inevitable deaths. The two philosophies are 
not necessarily in diametric opposition but 
they undoubtedly present a challenge to 
clear thinking. 

‘A recent review? of the indications for, 
and consequences of, amniocentesis in 
south-east Scotland, and the impact of 
maternal serum alpha-fetoprotein (AFP) 
screening upon it, gives us useful data. 
About 5% of all mothers underwent this 
procedure, 37% because of maternal age 
(35 or older), 30% because of raised 


serum AFP, 10% because of previous 


meural tube defect (NTD), the rest for a 
variety of reasons. Altogether 2137 
amniocenteses led to 104 terminations of 
pregnancy of which 75 were for NTD, 17 
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circulating hormone. Prostaglandins 1981; 22: 739-46, 
Blair 1 A, Barrow S E, Waddell K A, Lewis P J, 


Dollery C T. Prostacyclin is not a circulating hormone in 
man. Prostaglandins 1982; 23: 579-89. 
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for chromosome abnormalities (including 
11 with trisomy 21), and 5 for exomphalos. 
Of the 75 NTD cases, 29 had spina bifida, 
42 anencephaly, 2 encephalocele, and 2 
Meckel’s syndrome. This report gives no 
information about the complications of 
the amniocenteses, and makes no refer- 
ence to the anxiety generated by whatever 
number of blood tests gave rise to 637 
abnormal results.2 To these hidden costs 
must be added some of the 5 babies with 
exomphalos (all diagnosed because of 
raised serum AFP) who would have 
survived without disability. On the 
‘benefit’ side we must calculate how many 
of the 29 with spina bifida would have 
been disabled long-term survivors, and 
we must consider for whose benefit those 
with abnormal karyotypes were aborted. 

Facing the other way, the first hospice 
for terminally ill (not necessarily mal- 
formed) children is approaching com- 
pletion in Oxford, and a thoughtful 
pamphlet has recently been published by 
the Christian Medical Fellowship.’ This 


includes articles by Richard Cook, a 


paediatric surgeon in Liverpool, and 
Jiirgen Trogisch, a paediatrician working 
at a rehabilitation centre for severely 
mentally handicapped children in East 
Germany. Both have clearly given deep 
thought to the nature of the work they 
do and to the difficult decisions in which 
it involves them. Neither takes an 
extremist view of the problems he faces, 
which tends to confirm the instinctive 
feeling that those who see these matters 
in terms of absolute right and wrong need 
to do a lot more thinking. 

Cook and Trogisch approach their 
subjects from the basis of their Christian 
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faith. Both emphasise the caring function 
of the doctor rather than the curing; 
neither sees death as something to be 
positively sought or negatively feared. 
They are concerned with the quality of 
the lives of their patients, and of their 
patients’ families, but concentrate on 
their abilities rather than their 
disabilities. 

It is fortuitous that the papers by 
Brock? and Bellman? and the Christian 
Medical Fellowship pamphlet’ have ap- 
peared almost simultaneously. They all 
deserve reading, but will not resolve the 
dilemmas; when we are on the horns 
perhaps the operative word should be 
compassion. 
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Book reviews 


Pediatric Hypertension. By J R Ingelfinger. 
Major Problems in Clinical - Pediatrics 
Series. Vol. 24. Pp. 297: £32-50 hardback. 
Philadelphia : Saunders, 1982. 


What a lovely book this is. Though of 
modest size it provides a comprehensive 
account of all aspects of hypertension 
ranging from the physiology, epidem- 
iology, and aetiology to investigation 
and management at different ages. The 20 
chapters are written with admirable clarity 
and economy, yet manage to consider 
everything from the early history and 
research to present-day fads and fashions; 
they combine a balanced view of the 
theoretical and the practical. 

The material is attractively presented 
with helpful subheadings and many 
illustrations. Indeed it is a treasury of 
nostalgic illustrations, for many of them 
have been reproduced from one’s favourite 
papers and books on hypertension; it is 
full of memorable corners of some of the 
great papers of the past (the only one 
missing is the British Rail advertise- 
ment showing the difference in blood 
pressure between travelling from Leeds to 
London by train as opposed to motorway !) 
I don’t think I have ever seen a book which 
contains so many pictures purloined, with 
proper permission, from other periodicals; 
yet what a treasury of hypertension it 
turns out to be. It all goes to show that 
you can get away with anything provided 
that you do it with style and I have a 
feeling that Julie Ingelfinger is the kind of 
lady who could walk into a Bond Street 
jewellers and walk out with all the jewels 
and the police would merely stand back 
and applaud. 

All aspects of the literature are well 
reviewed and there are invaluable lists of 
references at the end of each chapter; I 
just wonder if it would have been even 
more useful if they had been assernbled as 
a single reference list at the back of the 
monograph. 

The only weaknesses at present are the 
‘rather lightweight clinical descriptions. 
There is the most full description of 
modern high technology investigation of 
hypertension but scanty description of the 
clinical clues that lead one to the initial 
identification. The list of symptoms and 
signs of hypertensive encephalopathy 
could have come from any small general 


textbook and could have been written by 
someone who had never encountered it; 
they need a fuller account with more 
colour to help the clinician. A picture of a 
child with facial palsy would have provided 
a useful teaching point as well as the 
opportunity for just one picture of a child 
to compete with the many of kidneys and 
histograms. Some of the more important 
associations receive scant attention: neuro- 
fibromatosis receives only one paragraph 
in the whole book. These are small 
criticisms in a book of such promise and 
pleasure. I hope that, as with one or two 
other distinguished books in this particular 
series, it will run to subsequent editions in 
which the author may rectify some of the 
omissions without adding greatly to 
the length. 

The book will be helpful to all 
paediatricians including those who 
know little about hypertension and 
those who know a lot. I recommend it 
wholeheartedly. 


ROY MEADOW 


Behavioural Problems in Childhood. A 
Primary Care Approach. Edited by 
S Gabel. Pp. 447: 339-50 hardback. 
New York: Grune & Stratton, 1981. 


This is one of an increasing number of 
textbooks, mainly American, which has 
moved away from the traditional psycho- 
analytic views of childhood tehavioural 
and emotional problems to focus in a more 
immediate and practical way on a 
developmental and symptom-orientated 
method of treatment. The emphasis is on 
the ‘here and now’ rather than on the 
child’s distant past and, although intended 
for the general paediatrician, the book has 
a Jot to offer child psychiatrists. 

The editor has managed to obtain a 
fairly uniform approach from the 24 
contributors but, inevitably, some rather 
idiosyncratic styles and treatment methods 
are apparent. For example, the chapters on 
abdominal pain and sleep disorder are 
difficult to follow. Unfortunately the 
chapters on aggression and antisocial 
behaviour are very short despite the 
frequency with which these symptoms 
occur. The sections at the end of each 
chapter, which focus on treatment 
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techniques, are also rather brief and at 
times lack detail. This is compensated for 
by the developmental and behavioural 
approach of the book which often 
directly indicates treatment approaches. 
The references are carefully selected and 
useful. 

As with most books from America, 
there are some details which are dificult 
to transfer across the Atlantic but this 
does not detract from the very strong 
recommendation that can be given to the 
book as a whole; it is the best one of its 
type that I have come across and deserves’ 
a place in every paediatric and child 
psychiatric library. 

J B PEARCE 
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infantile multicystic encephalomalacia after: short 
report, 785 
Beta-thalassaemia 
family reactions and their management in parents’ - 
group, 860 
major, early iron overload, timing of starting chelation 
therapy, 929 . 
BH, (tetrahydrobiopterin) deficiency among newborns 
with phenylketonuria, 799, P 
Bicarbonate, replacement by acetate in oral rehydration - 
for infantile diarrhoea: short report, 625 
Bilirubinometry, transcutanoeus, evaluation: short report 
708 
Birth 
data, objective, and child abuse prediction: corres- 
pondence, 80 
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place of, in present-day society: annotation 406: 
correspondence, 887 
rate trends and provisions of paediatric services: 
annotation, 567 
Birthweight 
of Asian babies born in Birmingham, secular change, 
867 
low, and extremely low, see Low birthweight 
Bleeding diathesis, alpha-l-antitrypsin deficiency present- 
ing as newborn; short report, 68: correspondence, 722 
Blood pressure, sodium, and take away food: annotation, 
645 
Bone 
marrow transplantation treatment of mucopolysac- 
charidosis, results, 802, P 
mineral homeostasis, bone growth, and mineralisation 
during puberty, 359 
rarefaction and crush fractures in juvenile chronic 
arthritis, 377 
Boutonneuse fever, 60 children, 149 
Brain, 
neonatal, changes in ultrasound appearance with 
increasing gestation, 801, P 
orientated intensive care treatment in severe neonatal 
asphyxia, effects of phenobarbitone protection, 176 
Breast milk, 
composition, variation during first 5 weeks of lactation, 
and preterm infant feeding, 658 
expressed, effect on energy balance, nitrogen balance, 
and growth in preterm infant, 898 
sodium, 500 
Bronchial hypersecretion in preterm neonates, 117 
Bronchiolitis, 
with chronic obstructive features, causes and manage- 
ment, 495 
sleep apnoea in, 467 
Budesonide in asthma treatment, aerosol spacer inhaler, 
twice daily, 864 


Café-au-lait spots in schoolchildren: short report, 631 
Calorie deficiency, and growth retardation in asthma: 
short report, 473 
Cancer, childhood, late deaths, 803,-P 
Candida species, antenatal infections with, 528 
Candidiasis, systemic, 
ketoconazole in: correspondence, 962 
neonatal, failure to respond to intravenous miconazole: 
short report, 884 
Captopril in malignant hypertension: short report, 235 
Car seats and restraint systems, use, preschool children: 
short report, 549 
Cardiac catheterisation, neonatal, followed by necrotising 
enterocolitis, 431 
Cardiac pacing of children, review, 514 
Cardiopulmonary bypass surgery, acute renal failure 
complicating, 425 
Career prospects in paediatric gastroenterology, 320 
Cataract, 
congenital, cause of preventable child blindness, 165 
corticosteroid-induced, in idiopathic nephrotic syn- 
drome, 30 


Catheterisation, intermittent, in neuropathic urinary 
incontinence, 253 : 
see also Cardiac catheterisation 
Cefaclor, comparison with co-trimoxazole in acute 
otitis media, 594 
Cefuroxime in bacterial meningitis, 539 
Cerebral 
atrophy in neonate, diagnosis and incidence by real- 
time ultrasound, 801, P 
palsy, birthweight-specific prevalence in SE Thames 
Regional Health Authority 1973-1976, 802, P 
Cerebroventricular haemorrhage, neonatal, timing, ultra- 
sound: short report, 231: correspondence, 811 
Cefuroxime in treatment of neonates, 59 
Chemotherapy, combination, for Hodgkin’s disease in 
childhood, gonadal function after, 287 
Chest physiotherapy versus physical exercise in cystic 
fibrosis, 587 
Chicken, enteropathy related to, 44 
Child 
abuse prediction, and objective birth data: corres- 
pondence, 80 
see also Gently battered child 
health clinics, use: correspondence, 240 
services after reorganisation: annotation, 1: corres- 
pondence, 399, 482, 721 
Children’s ward in 1924, Dr Schlesinger looks back, 337 
Chloride diarrhoea, congenital, prostaglandin synthetase 
inhibitors in: correspondence, 81 
Chlormethiazole, oral, in childhood epilepsy: corres- 
pondence, 242 
*1Chromium edetic acid slope clearance compared with 
height/plasma creatinine ratio in estimation of glome- 
rular filtration rate, 607 
Chromosomes XYY, preliminary results of longitudinal 
study of 18 boys, 800, P 
Cirrhosis, Indian childhood, copper from cooking 
utensils as possible cause: correspondence, 323 
Cleft lip repair at 12 weeks and cleft palate repair at 16 
weeks, 804, P 
Clinical trial, social and emotional facfors, 800, P 
Coeliac disease < 
associated with congenital heart disease: short report 78 
intestinal absorption of food antigens 462 
Colic, infant, prevalence: short report 559 
Colonoscopy, total, in children, 49 
Complement, functional deficiency, and defective yeast 
opsonisation in sickle cell disease, 343 
Computerised tomography, value in non-specific mental 
subnormality, 381 
Congenital 
adrenal hyperplasia, genetic counselling, HLA typing 
as method: short report, 315 
cardiac defects, neonates, outcome of treatment, supra- 
regional cardiac centre 1976-78, 328 
dislocation of the hip, and short maternal stature: 
short report, 875: correspondence, 961 
heart disease, coeliac disease associated with: short 
report, 78 
villous atrophy: correspondence, 399 
Continuous positive airways pressure and controlled 
trial of theophylline in apnoea of maturity, 761 
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Convulsions, 
febrile, see Febrile convulsions 
neonatal, phenobarbitone dosage, 653 
Cooking utensils, copper from as possible cause of Indian 
childhood cirrhosis: correspondence, 323 
Copper 
deficiency, familial benign: short report, 716 
from cooking utensils as a cause of Indian childhood 
cirrhosis: correspondence, 323 
Corpus callosum, agenesis, neonatal ultrasound appear- 
ances: short report, 713 
CORRESPONDENCE 
Accuracy of routine clinical test weighing, 810 
Adverse effects of nasogastric feeding tubes and the 
management of recurrent apnoea, 161 
Benign paroxysmal torticollis in infancy, 638 
Child health services after re-organisation, 399, 
482, 721 
Congenital dislocation of the hip and short maternal 
stature, 961 
Congenital villous atrophy, 399 
Copper from cooking utensils as a cause of Indian 
childhood cirrhosis, 323 
Device for continuous urine collection 
newborn, 322 
Dickens’s children’s hospital, 161 
Electronmicroscopy in ‘absence’ of islets of Langer- 
hans in a newborn infant, 962 
Fifth day fits, 400 
Glucose-polymer i in acute diarrhoea, 721 
Henoch-Schénlein purpura after yersiniosis, 322 
How fast can babies breathe? 481 
Hydrogen breath test in gastroenteritis, 561 
Hypernatraemic dehydration, 481 
Intracranial haemorrhage due to vitamin K deficiency 
associated with alpha-l-antitrypsin deficiency type 
Pi Z, 722 
Klinefelter’s syndrome in adolescence, 887 
Lipoatrophy in a patient on highly purified beef 
insulin, 638 
Munchausen syndrome by proxy and pseudo- 
epilepsy, 811 
Necrotising enterocolitis in the very low birthweight 
infant, 961 
- Neonatal gallbladder distension, 562 
Neurological teactions to pertussis vaccination, 241 
*New immunofluorescent blood test for gluten 
sensitivity, 481 
New sign of tracheo-oesophageal fistula? 723 
Objective birth data and the prediction of child 
- abuse, 80 
Oral chlormethiazole in child epilepsy, 242 
Oral rehydration in acute infantile diarrhoea, 888 
Parenteral feeding and necrotising enterocolitis in 
very low birthweight, 889 
The place of birth, 887 
Plasma prostacyclin from birth to adolescence, 964 
Possible pitfalls in the interpretation of inspiratory 
flow volume curves, 161 
Premature thelarche, 642 
Prostaglandin synthetase inhibitors in congenital 
chloride diarrhoea, 81 
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Refeeding after acute gastroenteritis, 641 
Reproducibility of skin prick reactivity in cystic 
fibrosis, 162 
Results of selective treatment of spina bifida cystica, 
321 
Resuscitation of preterm babies at birth reduces the 
risk of death from hyaline membrane disease, 639 
Sedating the wheezy child, 242 
A silent grunt for neonatal respiratory distress syn- 
drome (or what’s this EER): correspondence, 889 
Steroid-responsive nephrotic syndrome and allergy, 
401 
Systemic candidiasis, 962 
Timing of neonatal cerebroventricular haemorrhage 
with ultrasound: correspondence, 811 
Toxoplasmosis, 80 
Transient neonatal hyperparathyroidism secondary 
to maternal pseudohypoparathyroidism, 241 
Use of child health clinics, 240 
Water-soluble vitamin D in human milk, 81 
Water supplementation in jaundiced babies, 321 
Women in paediatrics, 241 
Corticosteroid(s) 
-induced cataracts in idiopathic nephrotic syndrome, 30 
therapy, topical and intralesional, endocrine compli- 
cations, 204 
Cot death, ‘gently battered’ child, 798, P 
Co-trimoxazole compared with cefaclor in acute otitis 
media, 594 
Cows’ milk 
formula, modified, 
infants, 507 
protein-sensitive enteropathy, one-hour blood xylose 
test in diagnosis, 40 
provocation of allergic response by ipenn 
feeds, 127 : 
and whey, effects of heat treatment on, nutritional 
quality and antigenic properties, 842 
Craniopharyngioma, endocrine function, morbidity, and 
mortality after surgery for, 837 
Creatinine 
clearance from plasma creatinine simple estimate, 
neonates, 297 
plasma, in first month of life, 123 
Crush fractures and bone rarefaction in juvenile chronic 
arthritis, 377 
Current topics 
Neonatal intensive care and stress, 85 
Cystic fibrosis, 
circulating soluble immune complexes containing 
pseudomonas antigens in, 577 
physical exercise versus chest physiotherapy, 587 
pseudomonas infection and allergy, 582 
reproducibility of skin prick reactivity: correspon- 
dence, 162 
screening for, 774 
by dried blood spot trypsin assay, 18 
serum pancreatic lipase as screening test: short report, 
553 
Cystinosis, indomethacin in, effect on clinical progress 
and renal function, 934 


suitable for low birthweight 
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Cysto-urethroscopy in infancy and childhood, use and 
limitations, 805, P 
Cytomegalovirus infection in pregnancy, 801, P 


Day wetting, see Diurnal enuresis 
DDAVP in nocturnal enuresis, 137 
Death, 
postperinatal, causes classified in terms of preventa- 
bility, 2-year study, 668 
sudden natural, in later childhood and adolescence, 572 
Debendox does not cause Poland anomaly: short report, 
479 
Dehydration, hypernatraemic: correspondence, 481 
Dehydroepiandrosterone, plasma concentrations, and 
premature thelarche, 200, correspondence, 642 
Desmopressin in nocturnal enuresis, 137 
Developing countries, infant mortality: shori report, 882 
Dexamethasone, antenatal, and subsequent tung growth, 
536 
Diabetes, 
diet, children, change in emphasis: annotation, 487 
effect of dietary fibre and exercise on mid-morning 
control, controlled trial, 905 
impact of home blood glucose monitoring on, 195 
limited finger joint mobility in: short report, 879 
hypothyroidism and growth failure, 622 
insulin-dependent, in adolescents, clinical application 
` ofan open-loop infusion system, 799, P 
total glycosylated haemoglobin (HbA,) levels in, 434 
whole foods and increased dietary fibre i improve blood 
glucose, 187 
Diarrhoea, 
acetate in replacement of bicarbonate in oral rehydra- 
tion: short report, 625 
acute, faecal excretion of EEEE A in: short 
report, 154 | 
infantile, oral rehydration with glucose-polymer 
electrolyte solution: short report, 152: corres- 
pondence, 721 
chloride, congenital, prostaglandin synthetase inhibi- 
tors in: correspondence, 81 


infantile, acute, oral rehydration: correspondence, 888 


‘oral solutions, optimal glucose concentration: short 
report, 313 
prolonged, protein and fat absorption, infancy, 268 
syndrome, chronic non-specific, stool output and 
composition, 35. 
traveller’s, with a vengeance in children of UK im- 
migrants visiting their parental homeland, 208 
unexplained, and failure to thrive in 2 siblings with 
unusual facies and abnormal scalp hair shafts, 212 
Diazepam, rectal absorption in epileptic children, 264 
Dickens’s children’s hospital: correspondence, 161 
Diet for diabetic children, change in emphasis: annota- 
tion, 487 
Diurnal enuresis, imipramine in, controlled trial: short 
report, 714 


Echocardiography, two-dimensional, in patent ductus 
arteriosus in sick neonate, 799, P l 
Echovirus 11 infection, fatal, 24 cases, 22 


Eczema, atopic, see Atopic eczema 
Editor, Archives of Disease in Childhood 
retirement of Dr Roger Robinson, editorial, 325 | 
Dr H. B. Valman appointed Joint Editor, 405 
Editorial Committee, Archives of Disease in Childhood, 
409 : 
Editorials 
An editor departs, 325 
Glue sniffing, 893 
Publication of papers in Archives of Disease in Child- 
hood, 813 
Egg hypersensitivity, natural history, 649 


Electronmicroscopy in ‘absence’ of islets of Langerhans 


in newborn infant: correspondence, 962 

Emotional and social factors in clinical trials, 800, P 

Encephalomalacia, multicystic, infantile, after maternal 
bee sting anaphylaxis during pregnancy: short report, 
785. 

Endoscopic retrograde’ cholangiopancreatography in 
children, 131 


Energy balance, nitrogen balance, and growth in preterm": 


infants expressed breast milk, a premature infant 
formula and two low-solute adapted formulae, 898 
Enterocolitis, necrotising, see Necrotising enterocolitis - 
Enteropathy 
complicating mnie: therapy in acute lympho- 
blastic leukaemia, 663 
cows’ milk protein-sensitive, one-hour blood xylose 
test in diagnosis, 40 
related to fish, rice and chicken, 44 
Enuresis, 
diurnal, imipramine, controlled trial short report, 714 
nocturnal, desmopressin in, 137 
Epilepsy, 
childhood, oral chlormethiazole in: correspondence 
242 
pseudo-, Munchausen syndrome, 92: correspondence, 
811 
rectal absorption of diazepam, 264 
Ethical problems 965 
Examination, clinical, objective structured, evaluation: 
short report, 390 
Exercise 
and dietary fibre, effects on mid-morning control, 
controlled trial, 905 
physical, versus chest physiotherapy in cystic fibrosis, 
587 
External expiratory resistance, and grunting in neonatal 
respiratory distress syndrome: correspondence, 889 
Extremely low birthweight, see Low birthweight, ex- 
tremely 


Facies, unusual, and abnormal scalp hair shafts, with 


unexplained diarrhoea and failure to thrive in 2 
siblings, 212 

Faecal flora, infants’, effect of feeding on, 54 

Failure to thrive, 
diagnostic yield of hospitalisation, 347 
and unexplained diarrhoea in 2 siblings with unusual 

facies and abnormal scalp hair shafts, 212 

Family size, planned, and social Darwinism, 406: 

correspondence, 887 


smf 


A - Fat l 
l as an energy supplement fòr preterm infants, 503 
and protein absorption in prolonged diarrhoea, 
infancy, 268 i 
Febrile convulsions, intellectual. progress in relation to 
anticonvulsant therapy and to recurrence of fits, 104 
Fetal lung development and amniocentesis: short report, 
b- 627 © 
= ‘Feto-fetal transfusion syndrome: short report, 781 
Feto-maternal relationships and the control of vitamin D 
metabolism in preterm infants, 754 
Fibre, dietary, 
= and. exercise, effects on mid-morning diabetic control, 
controlled trial, 905 
increased, and whole foods improve blood glucose 
control in diabetes, 187 
‘Fibromatosis, congenital generalised: short report, 881 
-Fifth day fits: correspondence, 400 
an acute zinc deficiency syndrome: short report, 633 
Finger joint mobility, limited, in diabetes: short report, 
879 
Fish, enteropathy related to, 44 
Fits, fifth day : correspondence, 400 
an acute zinc deficiency syndrome: short report, 633 
Food intolerance and food allergy in children, review of 
68 cases, 742 
Foreign bodies, prolonged impaction in oesophagus: 
short report, 551 
Formulae, premature infant, effect on energy balance, 
nitrogen balance and growth, 898 


. Gallbladder distension, 
? neonatal: correspondence, 562 
in septic neonates, 73 
Gastroenteritis, 
a acute, refeeding after: controlled study: short report, 
76: correspondence, 641 
hydrogen breath test: correspondence, 561 
oral solutions, optimal glucose concentration: short 
report, 313 
Gastroenterology, paediatric, career prospects, 320 
Gastrointestinal permeability changes in preterm, 141 
_.- ~  Gastro-oesophageal reflux, effect of posture, newborn: 


short report, 555¢ 
- f Gerfetic counselling, in congenital adrenal hyperplasia, 
HLA typing: short report, 315 
Gentamicin 


and ampicillin, continuous intravenous infusion during 
parenteral nutrition in 88 newborn infants, 602 
renal function during treatment, neonates, 758 

‘Gentle battering’ and other possible causes of post- 

perinatal death, preventability, 668 

lomerular filtration rate, 

‘clinical limitations of estimation from height/plasma 
creatinine ratio, comparison with “Cr edetic acid 
slope clearance, 607 

measurement, evaluation of height/plasma creatinine 
formula, 611 
Glucagon test, value in screening hepatic glycogen storage 
disease, 384 
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Glucose, 
blood, control, in diabetes, whole foods and increased 
dietary fibre in improvement, 187 
effect of home monitoring in childhood diabetes, 195 
concentration and oral solutions for gastroenteritis. 
-= short report, 313 , 
electrolyte solution compared with rice electrolyte 
solution in infant diarrhoea, 910 | 
-polymer electrolyte solution, oral hydration with, in 
acute infantile diarrhoea: short report, 152; corres- 
pondence, 721 
test strips, comparison in detection of neonatal 
hypogylcaemia: short report, 948 
Glue sniffing: editorial, 893 
‘Gluten sensitivity, new immunofluorescent blood test for: 
correspondence, 481 
Glycogen storage disease, 
hepatic, see Hepatic glycogen storage disease 
(type I) presenting in neonatal period: short report, 309 
Gonadal function after combination ohemorherapy for 
Hodgkin’s disease in childhood, 287 
Growth, 
energy balance, and nitrogen balance in preterm infants 
fed expressed breast milk, a premature infant 
formula and two low-solute adapted formulae, 898 
failure and hypothyroidism in diabetes mellitus, 622 
hormone deficiency, with orocraniodigital (Juberg- 
Hayward) syndrome: short report, 790 
prolactin and thyrotrophin response to TRH in, 769 
suspected, investigation, personal practice, 944 
of primary schoolchildren, comparison between one 
and two parent families, 453 
retardation in asthma, role of calorie deficiency: short 
report, 473 
Grunting in neonatal respiratory distress syndrome and 
external expiratory resistance, correspondence, 889 


Haemoglobin, total glycosylated (HbA,) levels in diabetic 
children, 434 
Haemolytic jaundice after intra-amniotic injection of 
methylene blue: short report, 872 
Haemorrhage, 
cerebroventricular, neonatal, timing with ultrasound: 
short report, 231: correspondence, 811 
intracranial, due to vitamin K deficiency associated 
with «-l-antitrypsin deficiency type Pi Z: cor- 
respondence, 722-723 
intraventricular, development, risk factors, preterm 
neonate, 410 
elusive blood clots and fluctuating ventricular 
dilatation: short report, 158 
and ventricular dilatation in preterm infants, 
developmental and neurological progress, 748 
Hair, uncombable, condition with autosomal dominant 
inheritance: short report, 710 
Handicapped children, avoidable perinatal factors, 
future obstetric and neonatal audit, 799 
Hand-washing, and cross-infection : annotation, 647 
Height/plasma creatinine ratio, comparison with “Cr 
edetic acid slope clearance in glomerular filtration rate 
estimation, 607 


ae 
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evaluation in measurement of glomerular filtration 
rate, 611 
Henoch-Schénlein purpura after yersimosis: corres- 
pondence, 322 
Hepatic cellular injury during varicella: short report, 317 
Hepatic glycogen storage disease, value of glucagon test 
in screening, 384 
Hepatitis, 
acute and fulminant, mainly due to hepatitis B, 
clinically important immunological processes, 277 
viral, in Danish children, 146 
HLA typing as method of genetic counselling i in congeni- 
tal adrenal hyperplasia: short report, 315 
Hodgkin’s disease in childhood, gonadal “unction after 
combination chemotherapy, 287 
Home blood glucose monitoring, impact on childhood 
diabetes, 195 
Human milk, 
banking: annotation, 3 
water-soluble vitamin D in: correspondeace, 81 
Hunter’s syndrome, mild form, clinical delineation based 
on 31 cases, 828 
Huntington’s chorea, report of three cases and review, 99 
Hyaline membrane disease, resuscitation of preterm 
babies at birth reduces risk of, 184, correspondence, 639 
Hydrogen breath test in gastroenteritis: correspondence, 
561 
25-Hydroxyvitamin D, plasma, and rickets in extremely 
low birthweight, 848 
Hypernatraemic dehydration: corresponderce, 481 
Hyperparathyroidism, neonatal, transient, secondary to 
maternal pseudchypoparathyroidism: comrespondence, 
241 
Hypertension, 
arterial, neurological complications, 913 
childhood, use of renal vein renin measurements in 
investigation and management, 804, P 
malignant, oral converting enzyme inhibctor in: short 
report, 235 
Hypoglycaemia, neonatal, comparison of tood glucose 
test strips: short report, 948 
Hypophosphataemic hyperphosphaturic rickets, familial, 
early biochemical findings, response te treatment: 
short report, 70 
Hypothyroidism, 
congenital, low-dose radioisotope scanning and 
quantitative analysis in diagnosis, 490 
and growth failure in diabetes mellitus, 622 


Imipramine, controlled trial in diurnal enuresis: short 
report, 714 

Immune 
complexes, circulating immune, contairing pseudo- 

monas antigens in cystic fibrosis, 577 

dysfunction in presence of residual splenic tissue, 523 

Immunoglobulin E and G antiovalbumn antibody 
responses and cows’ milk-based supplementary feeds, 
127 

Immunoglobulin screening in 1701 newborr infants and 
atopic disease development, 364 

Immunoreactive trypsin assay in cystic fibrozis screening, 
18 


Incontinence, urinary, neuropathic, management by 
intermittent catheterisation, 253 
Indomethacin 
in cystinosis, effect on clinical progress and renal 
function, 934 
long-term treatment in pseudohypoaldosteronism: 
short report, 718 
Infant feeding, quinquennium, 1975-1980, 895 
Infective pericarditis, acute, in infancy: short report, 73 
Infusion system, open-loop, in adolescents with insulin- 
dependent diabetes mellitus, clinical application, 799, P 
Inspiratory flow volume curves, possible pitfalls in inter- 
pretation: correspondence, 161 
Insulin, highly purified, and lipoatrophy at injection sites: 
correspondence, 638 
Intensive care, 
treatment and the quality of life, small premature 
babies: annotation, 569 
neonatal, mortality rates for very small babies, 112 
stress in nursing and medical staff: current topics, 85 
determinants for staff, 108 
unit, acinetobacter meningitis infection: short report, 
557 
regional neonatal, outcome for neonates declined 
admission 1979-80, 334 
Intestinal absorption of food antigens in coeliac disease, 
462 
Intraventricular haemorrhage, see Haemorrhage, intra- 
ventricular 
Intussusception, the forgotten postoperative obstruction: 
short report, 788 
Ipratropium bromide in the wheezy child: corres- 
pondence, 242 
Iron overload, early; in beta-thalassaemia major, timing 
of starting chelation therapy, 929 
Islets of Langerhans, ‘absence’ in newborn infant, 
electronmicroscopy : correspondence, 962 i 


James Spence Medallist, 1982: Dermod MacCarthy, 565 
Jaundice, 
haemolytic, after intra-amniotic injection of methylene 
blue: short report, 872 
water supplementation: correspondence, 321 
Juberg-Hayward (orocraniodigital} syndrome with 
growth hormone deficiency: short report, 790 
Juvenile chronic arthritis, bone rarefaction and crush 
fractures, 377 


Ketoconazole in systemic candidiasis: correspondence, 
961 

Killer cell activity, absent, defective neutrophil mobility 
and delayed umbilical cord separation, lethal syndrome, 
803, P 

Klinefelter’s syndrome in adolescence, 6: correspondence, 
887 


Lactulose/L-rhamnose urinary excretion ratio as per- 
meability index in preterm neonate, 141 
Leucodystrophy, metachromatic, review of 38 cases, 168 
Leukaemia, acute lymphoblastic, 
enteropathy complicating maintenance therapy, 663 
social class as a prognostic variable, 803, P 


Lipoatrophy in patient on highly purified beef insulin: 
correspondence, 638 
Liver 
damage in alpha-l-antitrypsin deficiency due to pheno- 
type PiZ null (Z-): short report, 311 
disease in India, 922 
volume estimation using ultrasound scanning, 283 
Low birthweight 
extremely, early development of infants 1000 g or less 
at birth, 823 
necrotising enterocolitis, expressed breast milk 
-compared with parenteral feeding, 274 
parenteral feeding and necrotising enterocolitis: 
correspondence, 889: 961 
pulmonary sequelae of neonatal respiratory disease, 
418 
plasma 25-hydroxyvitamin D and rickets in, 848 
modified cows’ milk formula suitable for, 507 
poor weight gain with nasojejunal feeding, 597 
and visual defects, 818 
Lung 
growth after antenatal dexamethasone, 536 
small, investigating, imaging procedure methods, 696 
Lymph node involvement in stage II neuroblastoma, 
adverse prognostic significance, 438 


MacCarthy, Dermod, James Spence Medallist, 1982, 565 
Maple syrup urine disease, outcome, 918 
Maternal stature, short, and congenital dislocation of the 
hip: short report, 875 
Meningitis, 
acinetobacter, acquired infection in neonatal intensive 
care unit: short report, 557 
bacterial, cefuroxime in, 539 
pneumococcaemia complicating: short report, 392 
Meningococcal group B meningitis, outcome, 616 
Mental subnormality, non-specific, value of computerised 
tomography, 381 
Metachromatic leucodystrophy, review of 38 cases, 168 
Methylene blue, haemolytic jaundice after intra-amniotic 
injection: short report, 872 
Miconazole, intravenous, failure to respond to, neonatal 
candidiasis: short report, 884 
Milk 
antigen adsorption in preterm and term neonate, 369 
bank, collection, methods and contamination: short 
report, 396 ° 
free, for children: annotation, 89 
human, banking: annotation, 3 
water-soluble vitamin D in: correspondence, 81 
Minimal change nephrotic syndrome, histopathology and 
steroid-responsiveness, 816 
Mortality, infant in developing countries: short report, 
882. 
Mucopolysaccharidosis, results of treatment by bone 
marrow transplantation, 802, P 
ulticystic encephalomalacia, infantile, after maternal 
bee sting anaphylaxis during pregnancy: short report, 
785 
Munchausen syndrome by proxy, 92: correspondence, 811 


Nasogastric feeding tubes, adverse effects, and manage- 
ment of recurrent apnoea: correspondence, 161 
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Nasojejunal feeding and poor weight gain in low birth- 
weight, 597 
Necrotising enterocolitis, 
after neonatal cardiac catheterisation, 431 
in very low birthweight, expressed breast feeding com- 
pared with parenteral feeding, 274: correspondence, 
889: 961 
Neonates 
admitted to supraregional cardiac centre, outcome 
1976-78, 328 
declined admission, regional neonatal intensive care 
unit, outcome 1979-80, 334 
Nephrotic syndrome, 
idiopathic, corticosteroid-induced cataracts in, 30 
minimal change, histopathology and steroid-respon- 
siveness, 816 
primary, long-term outcome, 544 
steroid-responsive, and allergy: correspondence, 401 
Neuroblastoma, stage II, adverse prognostic significance 
of lymph node involvement, 438 
Neurological function and vitamin E, 800 P 
Neutrophils, 
mature and immature, normal values in very preterm 
babies: short report, 233 
mobility, defective, absent natural killer cell activity 
and delayed umbilical cord separation, lethal 
syndrome, 803 P 
Nitrogen balance, energy balance, and growth in pre- 
term infants fed expressed breast milk, a premature 
infant formula and two low-solute adapted formulae, 
898 
Nocturnal enuresis, desmopressin in, 137 
Noonan’s syndrome, growth and pubertal development 
in five boys, 13 
Nutritional status, interpretation of arm circumference 
as indicator, 292 


Obesity and the one/two parent family, 453 

Objective structured clinical examination, evaluation: 
short report, 390 

Obstetric and neonatal audit, future, and avoidable 
perinatal factors in childhood handicap, 799, P 

Obstruction, postoperative, intussusception: short report, 
788 

Oesophageal pressure measurements in ventilated pre- 
term babies, 851 

Oesophagus, prolonged foreign body impaction: short 
report, 551 

Open-loop infusion system in adolescents with insulin- 
dependent diabetes mellitus, clinical application, 799 P 

Orocraniodigital (Juberg-Hayward) syndrome with 
growth hormone deficiency: short report, 790 

Orthostatic proteinuria: annotation, 729 

Otitis media, acute, cefaclor compared with co-tri- 
moxazole, 594 

Otitis-proneness, sulphamethoxazole prophylaxis, 590 

Ovalbumin, IgE and G responses, and supplementary 
feeds of cows’ milk, 127 

Oxalosis in infancy, 3 cases, 224 

Oxygen 
dogma in retinopathy of prematurity ddiaa: 

annotation, 731 
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embolus during mechanical ventilation with disap- 
pearance of signs after death: short report, 237 
Pacemakers, permanent, intrapleural, in infency, 521 
Pacing, cardiac, in children, review, 514 
Paediatrics 
manpower: current topics, 702 
women in: correspondence, 241 
Pancreatic lipase, serum, as screening teat for cystic 
fibrosis: short report, 553 
Parenteral feeding and necrotising enterocclitis in very 
low birthweight infants, 274: correspondeace, 889 
Paroxysmal torticollis, benign, in infancy correspon- 
dence, 638 l 
Patent ductus arteriosus in sick neonate, two dimensional 
echocardiographic visualisation, 799, P 
Pelvicalceal system, duplex, renal dysplasia in the 
kidney, 805, P 
Pericarditis, infective, acute, in infancy: shomt report, 73 
Perinatal factors, avoidable, in childhooi handicap, 
obstetric and neonatal audit of the future, 799, P 
Peritoneal dialysis, continuous ambulatory, paediatric, 
677 
Pertussis vaccination, neurological reactiens: 
pondence, 241 
Phenobarbitone 
dosage in neonatal convulsions, 653 
protection in brain-orientated intensive care treatment 
in severe neonatal asphyxia, 176 
Phenylketonuria, screening for tetrahydrobicpterin (BH,) 
deficiency among newborns with, 799, P 
Phosphate concentration, renal threshold (TmPO,/GFR), 
217 
‘Pitted’ red cell count, early, in childhood sickle cell 
anaemia, 338 
PiZ null (Z-) heterozygote, liver damage in reonate with 
«-l-antitrypsin deficiency due to: short report, 311 
Pleural cavity as site for permanent pacemakers in 
infancy, 521 
Plasma exchange in children, potential: current topics, 301 
Pneumococcaemia complicated by meniagitis: short 
report, 392 
Poland anomaly, not caused by Debendox: short report, 
479 
Postperinatal death, causes classified in terms of preven- 
tability, 668 
Posture, effect on gastro-oesophageal reflux in newborn: 
short report, 555 
Pregnancy, 
alcohol in, how much is safe ?, 940 
cytomegalovirus infection during, 801, P 
Premature: thelarche, possible adrenal dsorder, 200: 
correspondence, 642 
Preterm infants 
fed expressed breast milk, a premature intant formulae, 
and two low-solute adapted formulae, energy 
balance, nitrogen balance, and growth n, 898 
Prematurity, retinopathy, oxygen dogma challenged: 
annotation, 731 
with intraventricular haemorrhage ani ventricular 
dilatation, developmental and neurological progress, 
748 


corres- 


resuscitation at birth reduces risk of hyaline membrane 
disease, 184: correspondence, 639 

ventilated, oesophageal pressure measurements, 851 

Proceedings, Scottish Paediatric Society and British 
Paediatric Association, Joint Meeting, 20 to 24 April 
1982, Aviemore, 795 

Prolactin and thyrotrophin response to TRH in growth 
hormone deficiency, 769 

Prostacyclin, plasma, from birth to adolescence, 459: 
correspondence, 962 


Prostaglandin synthetase inhibitors in congenital chloride - 


diarrhoea: correspondence, 81 
Protein 
and fat absorption in prolonged diarrhoea, infancy, 268 
-sensitivity enteropathy, cows’ milk, one-hour blood 
xylose test in diagnosis, 40 
Proteinuria, orthostatic: annotation, 729 
Prune belly syndrome—47 cases, 856 
Pseudo-epilepsy, Munchausen syndrome 92: correspon- 
dence, 811 
Pseudohypoaldosteronism, response to long-term treat- 
ment with indomethacin: short report, 718 
Pseudohypoparathyroidism, maternal, transient neonatal 
hyperparathyroidism secondary to: correspondence, 241 
Pseudomonas 
antigens in circulating soluble immune complexes in 
cystic fibrosis, 577 
infection, allergy, and cystic fibrosis, 582 
Pubertal growth, bone mineral homeostasis, 
growth, and mineralisation during, 359 
Publication of papers in Archives of Disease in Childhood: 
editorial, 813 
Pulmonary fluid, delayed clearance, neonate, 63 


bone 


Quality of life, and intensive care treatment in small 
premature babies: annotation, 569 


Rectal absorption of diazepam in epileptic children, 264 
Referees, 1981, 600 
Rehydration, oral, in acute infantile diarrhoea with 
glucose-polymer electrolyte solution: short report, 
152: correspondence, 721, 888 
Renal 
dysplasia in the kidney with oes pelviralices: 
system, 805, P 
failure, acute, complicating cardiopulmonary bypass 
surgery, 425 
function during gentamicin, neonates, 758 
pseudotumours caused by xanthogranulomatous pye- 
lonephritis: short report, 635 
vein renin measurements in investigation and manage- 
ment of childhood hypertension, 804, P 
threshold phosphate concentration (TmPO,/GFR), 217 
Renin measurements, renal vein, in investigation an 
management of childhood hypertension, 804, P 
Respiratory 
distress in very low birthweight infants, pulmonary 
sequelae, 418 
syndrome, neonatal, grunting, external expiratory 
resistance: correspondence, 889 
rate of babies: correspondence, 481 
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Restraint systems in cars, preschool children: short 
report, 549 ý 
Retinopathy of prematurity: oxygen dogma challenged: 
annotation, 731 
Retrolental fibroplasia, controlled study, 4 years, neo- 
natal intensive care unit, 247 ; 
Reye’s syndrome 
in children under three years old, 259 
surveillance, 53 
Rheumatology service, paediatric, regional: short report, 
629 
Rice, 
electrolyte solution, oral, compared with glucose 
electrolyte solution in infant diarrhoea, 910 
enteropathy related to, 44 
Rickets, 
hypophosphataemic, hyperphosphaturic, familial, early 
biochemical findings and response to treatment: 
short report, 70 
neonatal, in one of identical twins: short report, 792 
‘and plasma 25-hydroxyvitamin D in extremely low 
birthweight, 848 
of prematurity, plasma alkaline phosphatase activity, 
373 
Robinson, Roger, retirement, Editor, 
Disease in Childhood: editorial, 325 
Rocking bed, effect in apnoea of prematurity: short 
report, 475 


Archives of 


Salbutamol, oral, and oral theophylline in asthma 
treatment, 674 
Scalp hair shafts, abnormal, and unusual facies, with 
unexplained diarrhoea and failure to thrive in 2 
siblings, 212 
Sepsis, neonates, gallbladder distension in: short report, 
75 . 
Short stature, maternal, and congenital dislocation of the 
hip: correspondence, 961 
Sickle cell 
anaemia, childhood, early rise in pitted red cell count, 
338 
disease, defective yeast opsonisation and functional 
deficiency of complement, 343 
Skeletal changes inpreterm infants, 447 
Skin netrosis and percutaneous alcohol absorption after 
umbilical arterial catheterisation, preterm infant: 
short report, 477 
Skin prick reactivity, reproducibility in cystic fibrosis: 
correspondence, 162 
Sleep apnoea in bronchiolitis, 467 
smoking, cigarette among secondary schoolchildren, 
1975-79, 352 
social 
class and prognosis in lymphoblastic leukaemia, 803, P 
Darwinism and planned family size 406: corres- 
pondence, 887 
and emotional factors in clinical trial, 800, P 
sodium, 
bréast milk content, 500 
blood pressure and take away food: annotation, 645 
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Soy feeding in infancy: annotation, 814 
Spina bidifa cystica, results of selective treatment: 
correspondence, 321 
Splenic tissue, residual, immune dysfunction in presence, 
523 
Stature, 
maternal, see Maternal stature 
and the one/two parent family, 453 
Steroid 
-responsive nephrotic syndrome and allergy: corres- 
pondence, 401 
therapy in minimal change nephrotic syndrome, 816 
Stool output and composition in chronic non-specific 
diarrhoea syndrome, 35 
Streptococcal sepsis, gallbladder distension, neonates: 
short report, 75 
Stress and neonatal intensive care: current topics, 85 
determinants for staff, 108 
Sudden natural death in later childhood and adolescence, 
572 
see also ‘Gently battered child’: Post perinatal death 
Sulphamethoxazole prophylaxis in otitis-prone child, 590 
Suppressor T cell activity, defective, in atopic eczema, 
803, P 
Supraregional cardiac centre, outcome of treatment. 
neonates 1976-78, 328 
Surfactant, dry, in preterm infants, controlled trials, 802, P 
Sweating, emotional, development in newborn, 691 


T cells, suppressor activity, defective, in atopic aeczema, 
803, P l 
Take away food, sodium and blood pressure: annotation, 
645 
Tetrahydrobiopterin (BH,) deficiency among newborns 
with phenylketonuria, 799, P 
Thalassaemia 
beta-, see Beta-thalassaemia 
haemoglobin levels and blood requirement: short 
report, 156 
Thelarche, premature, possible adrenal disorder, 200: 
correspondence, 642 
Theophylline 
controlled trial, and face mask continuous positive 
airways pressure in apnoea of immaturity, 761 
oral, and oral salbutamol in asthma treatment, 674 
Thrombocytopenia, immune, and valproic acid, 681 
Thyrotrophin 
and prolactin response to TRH in growth hormone 
deficiency, 769 
releasing hormone, deficiency, isolated, congenital: 
short report, 877 
in growth hormone deficiency, prolactin and thyro- 
` trophin response, 769 
Torticollis, paroxysmal, benign, in infancy: corres- 
pondence, 638 
Toxoplasmosis: correspondence, 80 
Tracheo-oesophageal fistula, new sign: correspondence, 
723 
Trimethoprim-sulphamethoxazole, single-dose treatment 
of symptomatic urinary infection: short report, 229 
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Trypsin assay, immunoreactive; in cystic fibrosis screen- 
ing, 18 < 

Tuberculosis in children in nationalsurvey of notifications, 
England and Wales, 1978-79, 734 

Tumours causing lower urinary tract obstruction, 805, P 

Twins, identical, neonatal rickets in one: short report, 792 


Ultrasound 
appearances in agenesis of corpus callosum: 
report, 713 
of neonatal brain changes with increasing gestation, 
801, P 
control, ventricular tap under: short report, 873 
real-time, diagnosis and incidence of cerebral atrophy 
in neonate, 801, P 
scanning, liver volume estimation, 283 
timing of neonatal cerebroventricular haemorrhage 
with: correspondence, 811 
in timing of neonatal cerebroventricular haemorrhage: 
short report, 231 
Umbilical 
arterial catheterisation, and percutaneous alcohol 
absorption and skin necrosis in preterm infant: short 
report, 477 
cord separation, delayed, defective neutrophil mobility 
. and absent natural killer cell activity, lethal synd- 
drome, 803, P 
Uncombable hair, condition with autosomal dominant 
inheritance: short report, 710 
Urethral valves, presentation in neonatal period, 805, P 
Urinary 
infection, ‘symptomatic, single dose trimethoprim- 
sulphamethoxazole treatment: short report, 229 
tract obstruction, lower, tumours causing, 805, P 


short 


*- Urine collection, continuous, device, newborn: corres- 


pondence, 322 


Valman, H Bernard, appointed Joint Editor to Archives 
of Disease in Childhood, 405 

Valproic acid and immune thrombocytopenia, 681 

Valvulitis, bacterial or rheumatic? short report, 783 

Varicella, hepatic cellular injury in: short report, 317 


Ventilated preterm babies, oesophageal pressure measure- 
ments in, 851 
Ventilation, mechanical, oxygen embolus during, 
disappearance of signs after death: short report, 237 
Ventricular 
dilatation and intraventricular haemorrhage i in preterm 
infant, developmental and neurological progress, 748 
posthaemorrhagic, after neonatal intraventricular: 
short report, 158 
tap under direct ultrasound control: short report, 873 
Vesicoureteric reflux, severe, operative versus non- 
operative management, 2-year follow-up, 804, P 
Villous atrophy, congenital: correspondence, 399 
Viral hepatitis in Danish children, 146 
Visual defects and low birthweight, 818 
Vitamin D, 
metabolism, control, preterm infants, feto-maternal 
relationships, 754 
water-soluble, in human milk: correspondence, 81 
Vitamin E and neurological function, 800, P 
Water supplementation in jaundiced babies: corres- 
pondence, 321 
Weighing, clinical test, routine, accuracy: correspon- 
dence, 810 
Wheezy child, sedating: correspondence, 242 
Wilms’s tumour and aniridia, clinical and cytogenetic 
features, 685 
Women in paediatrics: correspondence, 241 
Xanthogranulomatous pyelonephritis, renal tumours 
caused by: short report, 635 
Xylose, one-hour blood test, 
sensitive enteropathy, 40 


in cows’ milk protein- 


Yeast opsonisation, defective, and functional deficiency 
of complement in sickle cell disease, 343 

Yersiniosis, Henoch-Schénlein purpura after: 
pondence, 322 l 
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Zine deficiency syndrome, acute, and fifth day fits: short 
report, 633 
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MILUPA STUDENT ELECTIVE 
GRANT FUND 


Student elective grants for paediatric nutrition projects 


Milupa Limited are offering, during 1983, a limited 
number of Grants, of up to £500 each, to enable 
Medical Students to undertake a specific research 


project related to paediatric nutrition during their 


Elective period. 


Applications should be supported with full details of 
the proposed project, a recommendation from the 
Head of the Department at the University Medical 
School, and documented agreement that the 
applicant will be received in the host department. 


Grants will be made on a competitive basis and will 
be awarded in February and June 1983. The closing 
date for applications will be mid-January 1982 and 
mid-May 1983. 


MILUPA TRAVEL GRANT FUND 


Travel grants for paediatric research 


Milupa Limited are prepared to award Travel 
Grants to young Paediatricians and Scientists 
working in a Paediatric Department for visits of 
short duration to Departments or Institutes in order 
to learn new techniques or to have discussions about 
specific research projects. Preference will be given to 
candidates wishing to study in the U.K., but Grants 
may be made for travel abroad if the particular 
technique is not available in the U.K. 


Applications giving full details of the proposed 
programme and the names of two referees may be 
submitted at any time. 


All applications should be sent to Mr. T. L. Bell, 
Managing Director, Milupa Limited, Milupa House, 
Hercies Road, Hillingdon, Uxbridge, Middlesex. 
UBIO 9NA. The selection of applicants for awards 
will be made by an independent Scientific Panel. 


TRAN ES ETE SC SE STEED TE EC RE TE YE ES 


Board Certified Clinicians in: 


Contracts are for a three-year period. 


Please send complete Curriculum Vitae to: 





HAMAD GENERAL HOSPITAL 
DOHA, QATAR 

HAMAD GENERAL HOSPITAL, a new 660 bed referral facility, invites applications from 
Pediatric Cardiology 
Pediatric Allergy 
Neonatology 
Salaries are highly competitive and commensurate to clinical and academic experience. 
Benefits include free accommodation, utilities, air tickets to and from Doha for a family 


of 5 (Dependent children to age 19), 60 days paid vacation, generous excess_ baggage 
allowances, Educational allowances and no Qatari income tax. i 


THE MEDICAL DIRECTOR 


HAMAD GENERAL HOSPITAL 
P.O. Box 3050 
Doha, Qatar, Arabian Gulf 
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